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Two new ferrocenyl-subphthalocyanine dyads with ferrocenenylmethoxide (2) and 
ferrocenyl carboxylate (3) substituents directly attached to the subphthalocyanine ligand 
via the axial position have been prepared and characterized using NMR, UV-vis, and 
MCD spectroscopies as well as X-ray crystallography. Redox properties of the 
ferrocenyl-containing dyads 2 and 3 were investigated using the cyclic voltammetry (CV) 
approach and compared to those in parent subphthalocyanine 1. CV data reveal that the 
first reversible oxidation is ferrocene-centered, while the second oxidation and the first 
reduction are localized on the subphthalocyanine ligand. The electronic structures and the 
nature of the optical bands observed in UV-vis and MCD spectra of all target compounds 
were investigated by DFT-PCM and TDDFT-PCM approaches. It has been found that in 
both dyads 2 and 3 HOMO to HOMO-2 are ferrocene-centered MOs, while HOMO-3 as 
well as LUMO and LUMO+1 are localized on the subphthalocyanine ligand. 
Fluorescence properties of the dyads 2 and 3 were investigated using steady-state and 
time-resolved fluorescence methods. It has been found that the fluorescence quenching is 
more efficient in dyad 3 as compared to dyad 2, which was rationalized on the basis of 
DFT-PCM calculations. Similar tert-butyl SubPc compounds 4 and 5 were synthesized 
and characterized by UV-Vis, MCD, NMR, Fluorescence and electrochemical methods to 
determine the effects the tert-butyl groups has on the solubility of SubPc. UV-Vis and 
MCD show a slight shift in the Q-band to about 570 nm from about 564 nm of that of 
compounds 1-3. Fluorescent intensities of compounds 4 and 5 were measured under 
similar conditions and it was found that the addition of ferrocene carboxylate again 
quenches the emission. CV data for compound 5 suggests that there is a first reversible 
iv 
 
oxidation process centered on ferrocene. There are also two irreversible processes 
belonging to SubPc. Finally, the more electron dense, thiol substituted SubPc compound 
10 was synthesized and characterized using UV-Vis, MCD, NMR, Fluorescence and 
electrochemical methods. Because of the additional electron density there was a shift of 
80 nm to lower energy from 564 nm in compound 1 for the Q-band in the UV-Vis 
spectrum. Similarly, the fluorescent spectrum has a shift of 80 nm and is a mirror image 
of the Q-band. Finally, CV methods show agreement with compounds 1-5, that there is an 
irreversible oxidation and reduction peak belonging to that of the subphthalocyanine core 
at 0.6987V and -1.893V respectively. The first oxidation process at 0.3943 V however is 
a reversible process that has not been seen in compounds 1 & 4. It is possible that it 
belongs to another process of the compound that is only introduced with the thiol 
substituents. This can be responsible for the first irreversible reduction process at -1.5063 
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Synthesis of functional materials with high solar energy conversion efficiency represents 
a fundamental goal for a modern science.
1
 Effective light-to-energy conversion requires 
an efficient formation of a long-lived charge-separated (CS) state, which have high 
energy content.
2
 In the natural photosynthetic systems, the sequential electron-transfer 
processes lead to a spatial separation of ion pairs, which follow a redox gradient created 
by properly aligned and electronically tuned p-conjugated porphyrinoids.
3
 Although a 
similar strategy has been successfully applied for the formation of the long living CS 
states in the artificial photosynthetic supramolecular multichromophoric assemblies, one 
serious drawback is the unacceptable loss of input energy during each electron transfer 
step.
4
 Simple donor-acceptor hybrids represent a very attractive alternative for the 
preparation of artificial photosynthetic systems, which provide an acceptable compromise 
between the electronic coupling between the different redox-active substituents and the 
overall redox gradient.
5
 The electron transfer kinetics and the excited state relaxation 
mechanism in such donor-acceptor hybrids in general depends on the magnitude of 
electronic coupling between the different substituents, which is dictated by the effective 
donor-acceptor distance, their orbital and spatial orientation, and the nature of the linking 
group between them.
6
 In addition, charge-recombination and intermolecular interactions 
could also play a significant role in the kinetics of the CS states formation. The most 
critical parameter for efficient CS state formation was shown to be the donor-acceptor 
distance in such a molecular assembly.
7
 In particular, it has been demonstrated that a 
short donor-acceptor distance (~2.6 Å) favors formation of CS states with an 
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exceptionally long (230 µs) life-time.
8 
One 
way to potentially achieve this is using a dye 
sensitized solar cell (DSSC). In the cell, an 
electron donor is axially coordinated to an 
electron acceptor which is fixed on an 
electron injection layer within the cell. A 
photon of light is then absorbed, exciting an 
electron to its excited state. From there, the donor donates its electron to the acceptor, 
creating a negative on the acceptor and a positive on the donor. The extra electron on the 
acceptor is injected to the electron injection layer and the electron is moved through the 
cell creating electricity. Once the electron has reached the conducting electrode at the top 
of the cell, the electron is then injected to the positively charged donor, starting the 
















Part 1- Un-substituted subphthalocyanines 
Introduction: 
 Among numerous porphyrinoids used as an antenna in donor-acceptor dyads, the 
subphthalocyanine (SubPc) macrocycle attracted special attention because of its specific 
optical properties (a very strong absorption in the visible region) and bowl-shaped 
geometry, which is potentially useful for covalent as well as non-covalent coordination to 
acceptors such as C60.
9
 In addition, SubPcs exhibit quantum yields higher than the 
porphyrins for the first excited state and have small reorganization energies.
10
 During the 
last decade, Torres and co-workers as well as the other groups have shown that the C60-
SubPc-donor triads could be used as light-harvesting subunits because they can follow a 





 spatially separated radical ion pair.
9
 In particular, ferrocene 
donors, connected via a p-phenyloxy linker to the axial position of the SubPc 
chromophore provided long-living (up to 231 μs) CS states in the above mentioned 
triads.
9
 It could be anticipated, however, that decreasing the ferrocene-to-SubPc distance 
should positively affect the CS states formation. However, Fc-SubPc dyads with a direct 
ferrocene-boron or substituted ferrocene-boron bond have never been prepared and their 
properties have never been explored. Using a DSSC, a SubPc with a ferrocene substituent 
axially bound would be coordinated to C60 within the cell. SubPc would act as the 
antenna absorbing a photon of light. A SubPc electron is excited to its excited state and 
then ferrocene donates an electron to SubPc. From there, SubPc tranfers the electron to 
C60, creating a positive charge on ferrocene (donor) and a negative charge on C60 
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(acceptor) which also creates a charge-separated state (CS). The electron from there is 
then injected to the conducting electrode and moved through the cell creating electricity.  
When the electron reaches the top of the cell, the electron is injected back to the 










Ferrocenyl methanol (6) and ferrocene carboxylic acid (7) were prepared in multi-gram 
quantities using protocols slightly modified from the previously reported methods 
(Supporting Information Scheme 1).
11,12
 Ferrocenyl-containing SubPc dyads 2 and 3 were 
obtained using the synthetic strategy outlined in Scheme 1. In general, nucleophilic 
substitution of the chloride atom by alkoxide (OR
-
) in SubPcBCl or SubPcBBr can be 
achieved by refluxing these macrocycles with a corresponding alcohol in toluene.
26
 While 
Figure 2: SubPc-Fc hybrid in a DSSC. 
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this approach is very simple, it is effective only for the thermally stable alcohols. In the 
case of the reaction between SubPcCl and FcCH2OH in boiling toluene, no desired 
SubPcBOCH2Fc was detected. Instead, bis(ferrocenylmethylene) ether, (FcCH2)O, and 
unreacted SubPcCl were isolated under these reaction conditions. Thus, in order to obtain 
target complex 2, we adopted a new versatile two step strategy described by Toress and 
co-workers for axial modification of the SubPcCl systems.
27
 First, an anion exchange 
reaction between SubPcCl and silver triflate was conducted followed by quenching of the 
resulting SubPcOTf by ferrocenylmethanol. Using this strategy, the target 
subphthalocyanine 2 was obtained in 17 % yield (Scheme 1). Such relatively low yield 
originates from the low stability of complex 2 on silica gel that was required for its 
successful purification. 
 The introduction of a carboxylic acid group into subphthalocyanine systems is not 
very straightforward. Indeed, only subphthalocyanines axially bonded to acetate, 
phenylacetate, trifluoroacetate, trichloroacetate, chloroacetate, and benzoate were 
described so far.
28
 Moreover, synthetic procedures for preparation of these complexes 
requires boiling or melting of the SubPcCl with the corresponding acid. This method, 
however, is unacceptable in the case of ferrocenecarboxylic acid, because of its well-
known thermal decomposition.
29
 We found, however, that the substitution of the axial 
chlorine atom in SubPcBCl by ferrocene carboxylate could be achieved by refluxing of 





Scheme 1. Reaction Scheme for compounds 1-3. 
 
X-ray Analysis: 
An ultimate knowledge of the structure of the ferrocenyl-subphthalocyanine dyads 2 and 
3 was further gained from their X-ray crystal structures. In addition, in order to accurately 
compare structural changes in complexes 2 and 3 to the parent SubPc 1, an X-ray 
structure of compound 1 was also determined at -150
0
C. Refinement parameters for 
compounds 1 - 3 are presented in Table 1 while their selected bonds lengths and angles 
are summarized in the Table 3. ORTEP diagrams of compounds 1 - 3 are shown in 
Figures 1-3. Similar to all previously known structures of SubPc complexes,
9,26-28,32
 the 
macrocyclic ligand adopts a bowl-shaped conformation with the boron atom pointing 
away from the macrocyclic base. In all structures boron atoms are located in trigonal 





Figure 3: Crystal structure of SubPcCl (1). 
 





Figure 5: Crystal structure of SubPcO2CFc (3). 
 
The axial B-Cl bond in 1 is expectedly longer, while B-O bonds in 2 and 3 are expectedly 
shorter compared to the B-N bonds in respective SubPcs. B-O bonds in dyads 2 and 3 are 
quite different (1.430(4) and 1.467(4) Å for 2 and 3, respectively) but similar to the other 
subphthalocyanines with alkoxy- or carboxy- substituents in axial positions.
9,26-28,32
 The 
B-O bond distance difference is reflective of the axial ligand nature and in particular the 
higher polarity of the B-O bond in complex 3. The 1 character in coordination of the 
axial ferrocenecarboxylate group in dyad 3 could be clearly determined from its X-ray 
structure (Figure 5, Table 2). Indeed, the X-ray diffraction experiment determined B-O1 
and B-O2 bond distances are 1.467(4) and 2.772(5) Å, respectively, while O1-C25 and 
O2-C25 bond distances are 1.334(4) and 1.218(4) Å, respectively, which is indicative of 
the 1 character in coordination of the axial ferrocenecarboxylate group and the presence 
of C-O and C=O bonds in 3. The axial ferrocene ligands are tilted toward one of the 
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nitrogen atoms, which is reflected in the respective O-B-N angles (118.1(2)°, 116.0(2)° 
and 111.1(2)° in 2 and 108.6(3)°, 117.7(3)°, and 115.1(3)° in 3). B-N bond distances in 
dyads 2 and 3 are close to each other, but longer than those in the parent compound 1 
(1.489(4)-1.504(4) Å in 2 and 1.480(5)-1.498(5) Å in 3). O-C bond distance in 2 
(1.398(4) Å) is significantly shorter than the same bond distance in the initial FcCH2OH 
6 (for three symmetry unique molecules of 6: 1.434(6), 1.451(6), and 1.450(5) Å),
11
 
which is reflective of the electron-acceptor properties of the subphthalocyanine 
macrocycle. Torsion angles B1-O1-C25-C26 and O1-C25-C26-C27 are -160.9(2)° and 
148.1(3)°, in dyads 2 and 3, respectively. The carboxylic acid group in 3 is almost 
coplanar with the monosubstituted cyclopentadienyl (Cp) ring (torsion angle O1-C25-
C26-C27 is 10.7(5)°). The Fe-C bond distances were observed in the range of 2.031(3) – 
2.070(3) Å and 2.016(4) - 2.071(4) Å in dyads 2 and 3, respectively and adopt close to an 
eclipsed conformation of Cp rings. 
 
 The packing motifs in dyads 2 and 3 are very similar and consist of the formation of a 
π···π stacking between overlapping isoindole fragments of the macrocyclic ligand (Figure 
Figure 6: Packing Diagram for compounds 2 and 3. 
10 
 
6). On the contrary, π···π stacking in the parent SubPc 1 occurs between isoindole 
fragment of one molecule and the meso-nitrogen containing six-membered fragment of 


























Figure 7: Packing motif for compound 1. 
11 
 
Table 1. Summary of crystallographic data for compounds 1 - 3. 
 
 1 2 3 
Empirical formula C24H12N6BCl C35H23N6OBFe C35H21N6O2
BFe 
Formula weight 430.66 610.25 624.24 
Crystal system Orthorhombic Monoclinic Monoclinic 
Space group, Z Pnma, 4 C2/c, 8 P21/c, 4 
a (Å) 12.1224(2) 28.610(5) 17.2645(8) 
b (Å) 14.8449(10) 11.197(5) 7.7863(2) 
c (Å) 10.3283(1) 18.146(5) 20.6276(14
) 
β (°) 90 114.658(5) 95.019(7) 
Volume (Å
3
) 1858.6(1) 5283(3) 2762.3(2) 
ρcalc(g/cm
3
) 1.539 1.535 1.501 







Meas./unique reflns 12595/1756 17320/6032 29594/5040 
Rint 0.0351 0.0492 0.0647 
GoF(F
2















) 0.838/-0.485 1.067/-0.902 0.618/-
0.971 








Table 2. Selected bond lengths (Å) and angles (°) for compounds 1- 3. 
Compound 1 
Cl(1)-B(1) 1.890(6)  N(2)-B(1) 1.470(8)  
N(1)-B(1) 1.473(4)    
N(2)-B(1)-N(1) 105.7(3)  N(2)-B(1)-Cl(1) 112.4(4)  
N(1)-B(1)-N(1)#1 106.5(4)  N(1)-B(1)-Cl(1) 113.0(3)  
#1 x, 3/2-y, z 
Compound 2 
Fe···πa(centroid) 1.650(2), 1.659(2) N(1)-B(1) 1.504(4) 
Fe···C(average) 2.049(2) N(3)-B(1) 1.499(4) 
C(25)-O(1) 1.398(4) N(5)-B(1) 1.489(4) 
C(25)-C(26) 1.497(4) O(1)-B(1) 1.430(4) 
O(1)-B(1)-N(5) 111.1(2)  O(1)-B(1)-N(1) 118.1(2)  
O(1)-B(1)-N(3) 116.0(2)  N(5)-B(1)-N(1) 104.3(2)  





Fe···πa(centroid) 1.644(2), 1.648(2) N(1)-B(1) 1.498(5)  
Fe···C(average) 2.039(2) N(3)-B(1) 1.490(5)  
B(1)-O(1) 1.467(4)  N(5)-B(1) 1.480(5)  
B(1)-O(2) 2.772(5) O(2)-C(25) 1.218(4)  
С(25)-С(26) 1.472(5) O(1)-C(25) 1.334(4)  
O(2)-C(25)-O(1) 123.1(3)  O(1)-B(1)-N(3) 117.7(3)  
O(2)-C(25)-C(26) 124.8(4)  N(5)-B(1)-N(3) 104.5(3)  
C(25)-O(1)-B(1) 121.3(3)  N(5)-B(1)-N(1) 104.9(3)  











Introduction of the ferrocenyl substituents into target complexes 2 and 3 
significantly increases their solubility in common organic solvents compared to the 
parent macrocycle 1. Indeed, both complexes 2 and 3 are reasonably soluble in toluene, 
DCM, chloroform, and THF. Substitution of the axial chloride in SubPcBCl 1 by the 
ferrocenyl methanol and the ferrocenecarboxylate could be easily followed by 
1
H-NMR 





H-NMR spectra of complexes 2 and 3 have proton signals of the cyclopentadienyl 
ligands shifted to higher fields compared to the corresponding signals observed in parent 
FcCH2OH and FcCO2H (Figures 8 and 9). Ring current effects are especially significant 
with protons located close to the macrocycle. Indeed, protons of the -CH2- group in 
complex 2 have a resulting shift in their resonance from 4.27 to 2.34 ppm. Expectedly, 
NMR signals of the ferrocenyl protons are less shifted compared to the NMR signals of 
the parent molecules. It is interesting to note, that the chemical shifts of the -Cp and -
Cp protons in complex 3 are very close to each other and cannot be separated in the 
COSY experiment, although their integral intensity is in a good agreement with the 
proposed structure. Macrocyclic aromatic protons in all complexes are close to each other 
suggesting negligible influence of the axial ligand on the chemical shifts. A similar 













H-NMR spectrum of FcCO2H and SubPcO2CFc (3) in CDCl3. 
15 
 
 In the figures below (Figures 10 and 11), 
13
C NMR was done for further characterization 
for compounds 2 and 3. The two compounds have similar peaks such as α and β pyrrole, 
α, β, and Cp carbons, and a Cipso carbon. The two compounds have different carbon 
signals that correspond to the linking group that link ferrocene and SubPc. Compound 2 
has a CH2 peak and compound 3 has a CO2
-
 peak. These spectra help verify the correct 





























C NMR spectrum for compound 3. 
 
UV-Vis NIR and MCD spectra: 
 
 




























































































































UV-vis and MCD spectra of SubPcs 1 – 3 are presented in Figure 12 and 
summarized in Table 3. In agreement with previous publications,
9,26-28,31
 axial substitution 
of the chlorine atom by alkoxy or carboxylate ligands in subphthalocyanines 2 and 3 has 
a very minor influence on their UV-vis and MCD spectra, which are dominated by the 
very intense intra-ligand * transitions. Indeed, the low-energy Q-band is observed at 
564 nm in parent subphthalocyanine 1 and ferrocene-subphthalocyanine dyad 3, while an 
only 2 nm shift in the Q-band position is observed for complex 2. Similarly, the MCD 
spectra of complexes 2 and 3 are almost undistinguished from the MCD spectrum of 
parent subphthalocyanine 1. They are dominated by the Faraday A-term centered at 558 
nm in complex 2 and 561 nm in complex 3 which correspond to the most intense Q-band 
band in the UV-vis spectra of these compounds and confirm their three-fold effective 
symmetry. Since electrochemical experiments as well as DFT-PCM and TDDFT-PCM 
calculations predict that ferrocene-centered MOs in dyads 2 and 3 should dominate the 
HOMO region, we explored the possible presence of metal-to-ligand charge-transfer 
(MLCT) transitions in the NIR region. Although MLCT bands were not observed in dyad 
2 between 600 and 1500 nm, three relatively low intensity bands centered at 850, 938, 
and 1064 nm were observed for several independently prepared samples of dyad 3 
(Figure 6). These weak MLCT transitions could be attributed to charge-transfer from 
ferrocene-centered HOMO to HOMO-2 to the nearly degenerate subphthalocyanine-
centered LUMO and LUMO+1 on the basis of TDDFT-PCM calculations as discussed 
below. The absence of similar MLCT bands in dyad 2 can be explained by taking into 
consideration that the higher flexibility of the axial ferrocene-containing substituents 
should lead to a significantly lower band intensities and thus MLCT bands could be 
18 
 
masked by the low-energy wing of the very intense ( ~100,000) Q-band. 
Table 3. UV-vis absorption and steady-state emission data for compounds 1-3. 
Compound UV-vis Fluorescence 
 λabs, nm (log ε) λfl, nm τ1, ns (%) τ2, ps (%) τav, ps 
1 564 (5.05), 545sh (4.79),  
527sh (4.56), 302 (4.86) 
582 3.11 (100) - 3110 
2 562 (5.04), 543sh (4.77), 
524sh (4.52), 306 (4.73) 
576 2.92 (30) 5 (70) 882 
3 564 (5.07), 546sh (4.86), 
518sh (4.58), 303 (4.84) 
580
a
 1.65 (3) 21 (97) 65 
a
 Crude estimation because of the low emission intensity.  
 
 
Comparative and Time-resolved Fluorescence: 
 
Axially substituted SubPcs are known as strongly emitting fluorophores and also have 
been utilized as electron- and energy- donors and acceptors.
10
 A high fluorescence 
quantum yield (F) of the parent SubPc 1 (F = 0.25) allows the use of this platform for 
qualitative and quantitative understanding of the intramolecular fluorescence deactivation 
process. Indeed, upon excitation of the Q-band of parent compound 1, there is an intense 
fluorescence peak centered at 582 nm, which is assigned to the S1 → S0 transition (Figure 
13). The luminescence observed in SubPcs has shown to be the mirror image of the Q-
band and almost independent from the solvent and the nature of the axial substituents. 
When fluorescence spectra for compounds 1 – 3 were recorded under the same 
experimental conditions, both emission intensities in dyads 2 and 3 were found to be a 
several orders of magnitude lower than the fluorescence observed in 1. In spite of the 
strong quenching, however, the overall fluorescence profile for compounds 1 – 3 remains 
very similar (Figure 13, Table 3). Such behavior has been observed for several SubPcs 





 In order to examine this tentative assignment, we have 
measured the first excited state lifetimes in compounds 1 - 3 using the TCSPC (time-
correlated single-photon counting) approach.
25
 The S1-fluorescence of the parent 
SubPcCl 1 excited at 475 nm and detected at 58540 nm decays as a single exponential 
function with an estimated fluorescence lifetime of τS1 = 3.11 ns. In contrast, the S1 state 
fluorescence of ferrocenyl-containing dyads 2 and 3 decays as a biexponential as 
summarized in Table 3. More importantly, the dominant component in fluorescence 
emission of ferrocenyl-containing dyads 2 and 3 was found to be 7 ps (70%) and 21 ps 
(97 %), respectively. It is worth noting that these ultrafast decay components are faster 
than the full-width-half-maximum (FWHM) of our system response function (~45 ps), 
which was used in the deconvolution-based fitting algorithm. Thus fluorescence decay 
measurements confirmed a significant shortening of the first excited-state lifetime of 
complexes 2 and 3, which is clearly indicative of an efficient deactivation mechanism in 
these compounds. 
 
Figure 13. Comparative fluorescence intensities of compounds 1 – 3. 
 






















Redox properties of the ferrocene-subphthalocyanine dyads were examined using the 
cyclic voltammetry (CV) approach (Table 4). Because of the relatively low solubility of 
dyads 2 and 3 and especially parent subphthalocyanine 1 in DCM and THF, all 
electrochemical experiments were conducted in a DMF/TBAP system because most 
compounds are soluble in DMF. The ferrocene substituents in dyads 2 and 3 exhibit 
reversible first oxidations at +0.02 and +0.34 V (Figure 14). Oxidation of the axial 
ferrocenyl substituent in dyad 2 was at a lower potential than dyad 3. 
Table 4. Redox properties of compounds 1 - 3.  































This is in good agreement with the electron-donating nature of the 
ferrocenemethanol group and DFT calculations presented below, which show that the 
energy of the HOMO in 3 is 0.28 eV lower than that in 2. All three SubPcs (1 – 3) studied 
exhibit a single reduction peak, at -1.70 , -1.51, and -1.32 V, respectively, which 
corresponds to the one-electron reduction process centered at the macrocyclic ligand. In 
agreement with the previous reports,
9,26-28,33
 oxidation of the subphthalocyanine ligand 
was observed as the only partially reversible process at 0.66, 0.54, and 0.66 V, for 
complexes 1 – 3, respectively, which is associated with the partial degradation of the 
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macrocyclic ligand. The degradation of the macrocyclic ligand was further confirmed by 
CV experiments on dyad 3. Indeed, when CV experiments were conducted between 0 and 
-1.75 V potentials, only single a reversible peak of subphthalocyanine reduction was 
observed at -1.32 V (Figure 14). On the other hand, when CV experiment was conducted 
by sweeping between +1.25 and -1.75 V, four additional peaks at -0.043, -0.337, -0.698, 
and -0.958, were observed in the CV. Similar peaks, which are attributed to the 
degradation of SubPcs were already reported several times in the literature.
33
 It is 
important to note that the oxidation and reduction of subphthalocyanine core potentials in 
all three systems are ~2 V, which is in typical range for all SubPcs.  
 
 












































Further insight into the electronic structure, spectroscopy, and redox properties of the 
ferrocene-containing dyads 2 and 3 was gained on the basis of DFT-PCM and TDDFT-
PCM calculations, which provide accurate energetic and spectroscopic parameters for a 
large variety of ferrocene-containing complexes
34
 and macrocyclic compounds including 
SubPcs.
17,35
 The comparison between theory and X-ray experiments (Table 5) indicates 
that the DFT-PCM predicted geometries are in a good agreement with the experimental 
parameters. The DFT-PCM predicted MO energy diagrams for the target SubPcs 1 – 3 




Figure 15. MO energy diagram for compounds 1 – 3. 
In addition, the frontier orbitals of the target SubPc complexes 1 - 3 are pictured in Figure 














































 the HOMO in parent SubPcCl 1 has a2 symmetry (C3v point group) 
and is a subphthalocyanine-centered -orbital with an electron density distribution that 
resembles an a1u MO in the phthalocyanine’s D4h point group. Gouterman’s model theory 
states that the absorption bands in porphyrin systems arise from transitions between two 
HOMOs and two LUMOs. In this theory the HOMOs were calculated to be an a1u and an 
a2u and the LUMOs were calculated to be a set of degenerate eg orbitals.
41
 In agreement 
with previous calculations on SubPcs
35
 but contrary to closed-shell phthalocyanines and 
porphyrins,
37
 HOMO-1 and HOMO-2 are doubly degenerate MOs, which, as predicted 
by the TDDFT-PCM calculations, contribute significantly to the B-band region intensity 
of the UV-vis spectrum of SubPcCl 1. The HOMO-3 again resembles a classic 
Gouterman’s MO with a large contribution from the meso-nitrogen atoms (Figure 16). An 
introduction of axial ferrocenyl-containing ligands in dyads 2 and 3 leads to the situation 
where HOMO to HOMO-2 become predominantly iron (dxy, dx2-y2, and dz2, respectively) 
– centered MOs entirely localized on the axial organometallic ligands (Figure 16) with all 
occupied SubPc-centered -orbitals having lower energies. Such a molecular orbital 
description is in excellent agreement with the electrochemical data, which suggests that 
the first oxidation process in dyads 2 and 3 is ferrocene-centered. As expected from the 
electron-withdrawing nature of the carboxylic group, the ferrocenyl-centered HOMO to 
HOMO-2 in dyad 3 are more stable (-4.466, -4.522, and -4.664 eV) compared to the 
analogue MOs in dyad 2 (-4.180, -4.187, -4.378 eV). In all investigated SubPcs, LUMO 
and LUMO+1 are, or nearly, doubly degenerate * MOs entirely localized on the SubPc 






Table 5. Comparison of the experimental and DFT predicted bond distances in 
compounds 1 - 3. 
Bond X-ray DFT 
Compound 1
a 
B-Cl 1.890(6) 1.855 
B-N 1.473(4); 1.470(8) 1.485 
Compound 2
b 
B-O 1.430(4) 1.416 
B-N 1.498(5); 1.490(5); 1.480(5) 1.508; 1.508; 1.496 
C-O 1.398(4) 1.408 
Compound 3
b 
B-O 1.467(4) 1.458 
B-N 1.498(5); 1.490(5); 1.480(5) 1.494; 1.494; 1.491 
C-O 1.334(4) 1.337 
C O 1.218(4) 1.216 
a  
C3V point group was used during geometry optimization by DFT and 
local CS symmetry was observed in solid state; 
b  
C1 point group was 










Figure 17. Frontier orbitals of compounds 1 – 3.  















In general, DFT-PCM calculations suggest that the UV-vis spectrum of the parent 
compound 1 would be dominated by the symmetry allowed * transitions, while in the 
case of the dyads 2 and 3, additional low-energy, low-intensity HOMO to HOMO-2 → 
LUMO, LUMO+1 MLCT transitions are expected in their UV-vis spectra. Further insight 
into the nature of the experimentally observed transitions was gained using the TDDFT-
PCM approach. It was found that in general, TDDFT-PCM calculations reproduce well 
all experimentally observed features in the SubPc complexes 1 – 3 (Figures 18 – 20) 
show the experimental and the TDDFT predicted data in cm
-1
 scale, while similar data in 
nm scale are presented in Supporting Information Figures 1 – 3.  In agreement with 
earlier publications,
17,35,38
 the typical TDDFT-PCM errors for complexes 1 – 3 are in a 
very reasonable range of ~0.1 – 0.2 eV. In agreement with previous calculations, the Q-
band region in complexes 1 – 3 could be entirely described by the two 
subphthalocyanine-centered π-π* transitions originating from the HOMO → LUMO, 
LUMO+1 (complex 1) or HOMO-3 → LUMO, LUMO+1 (complexes 2 and 3). 
Similarly, the B-band region in SubPcs 1 – 3 is described by several subphthalocyanine-
centered π-π* transitions dominated by Gouterman type transitions from the HOMO-3 → 
LUMO, LUMO+1 (complex 1) or HOMO-9 → LUMO, LUMO+1 (complexes 2 and 3). 
In addition to Q- and B-band regions, the MLCT region was predicted by the TDDFT-





Figure 18. Experimental (top) and TDDFT predicted (bottom) UV-vis spectra of 
compound 1. Q- and B-band regions are labeled as Q and B.  
 
 
Figure 19. Experimental (top) and TDDFT predicted (bottom) UV-vis spectra of complex 
2. Q-, B-, and MLCT band regions are labeled as Q, B, and MLCT.  
 



























































































Figure 20. Experimental (top) and TDDFT predicted (bottom) UV-vis spectra of complex 
3. Q-, B-, and MLCT band regions are labeled as Q, B, and MLCT.  
 
The MLCT region originates from the six ferrocene-centered HOMO to HOMO-2 → 
LUMO, LUMO+1  transitions, which is predicted to have several orders of magnitude 
lower intensities than the subphthalocyanine-centered π-π* transitions. Both TDDFT-
PCM predicted intensities for MLCT transitions and their relative energies (i.e. lower 
energies for complex 2 as compared to complex 3) are in a good agreement with the 
experimental data. In general, TDDFT-PCM data correlate very well with the 
experimental data although in all cases, the calculated excitation energies for the Q-band 
and MLCT band regions are slightly overestimated, while those for the B-band region are 
slightly underestimated. 

































































Figure 21. Proposed non-radiative deactivation mechanism of the S1 state in dyads 2 and 
3.  
The DFT-PCM and TDDFT-PCM calculations presented above allow for the explanation 
of differences observed in the fluorescence lifetime measurements for dyads 2 and 3 as 
well as the relatively higher steady state fluorescence of dyad 2 compared to dyad 3. 
Indeed, although both dyads have much shorter fluorescence lifetime than the parent 
SubPc 1, the average lifetime for the S1 excited state of more rigid dyad 3 is more than 
100 times shorter than that in the more structurally flexible dyad 2 (Table 3). A rational 
explanation of this phenomenon could be achieved by detailed analysis of the electronic 
structures of dyads 2 and 3. Thus, population of the S1 (S0 → S1) state for 2 and 3 rises 
from HOMO-3 → LUMO, LUMO+1 (π → π*) transitions and SubPc centered HOMO-3 
molecular orbital is located below the three ferrocenyl centered MO's (Figure 15). Once 
the S1 state has been formed, nonradiative electron transfer from the ferrocene substituent 




), observed and characterized 
earlier for several ferrocene-containing SubPcs (Figure 19). Formation of CS states will 
be especially efficient in the case where there are small difference between the energies 
of ferrocene and SubPc (π) orbitals. In the case of dyad 3 ferrocene-centered HOMO-2 
and SubPc  HOMO-3 are separated only by 2605 cm-1, while the HOMO-2 and HOMO-
3 energy difference in dyad 2 is 4831 cm
-1
. Taking into account the energies of the 
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vibronic levels (the highest vibronic mode in 3 is 3296.7 cm
-1
), we can speculate that the 
S1 state couples with the CS states through a vibronic coupling mechanism,
39
 which is 
more efficient for dyad 3 than dyad 2. Accordingly, the average lifetime of the S1 state in 
dyad 3 should be shorter compared to that in dyad 2, which is in agreement with 
experimental data. Longer average lifetime of the S1 state in dyad 2 in turn, should lead to 
a relatively higher fluorescence compared to that in dyad 3, which is again in agreement 
with the experimental data. 
 
Conclusions: 
Two new ferrocenyl-subphthalocyanine dyads with ferrocenyl methoxide (2) and 
ferrocenyl carboxylate (3) substituents directly attached to the subphthalocyanine ligand 
via the axial position have been prepared and characterized using NMR, UV-vis, and 
MCD spectroscopies as well as X-ray crystallography. X-ray crystallography of 2 and 3 
confirmed the trigonal pyramidal geometry of the boron centers and an axial coordination 
of the ferrocene substituents to the parent macrocycle. Redox properties of ferrocenyl-
containing dyads 2 and 3 were investigated using the CV approach and compared to those 
in parent subphthalocyanine 1. It was found that the first reversible oxidation is 
ferrocene-centered, while the second oxidation and the first reduction are localized on the 
subphthalocyanine ligand. The electronic structures and the nature of the optical bands 
observed in UV-vis and MCD spectra of all target compounds were investigated by DFT-
PCM and TDDFT-PCM approaches. It has been found that in both dyads 2 and 3 HOMO 
to HOMO-2 are ferrocene-centered MOs, while HOMO-3 as well as LUMO and 
LUMO+1 have  or * nature and are localized on the subphthalocyanine macrocycle. 
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The vertical excitation energies calculated using the TDDFT-PCM approach in 
complexes 1 - 3 are consistent with the experimental data and clearly suggest the 
dominance of * transitions in the UV-vis spectra of 1 - 2. In addition, several weak 
MLCT bands were predicted by the TDDFT-PCM calculations in the NIR region of the 
UV-vis spectra of dyads 2 and 3. Fluorescence properties of the dyads 2 and 3 were 
investigated using steady-state and time-resolved fluorescence methods. It has been 
found that the fluorescence quenching is more efficient in dyad 3 than dyad 2, which was 
rationalized on the basis of DFT-PCM calculations. In general, observed fluorescence 
quenching trends allow rational design of the new simple donor-acceptor dyads 




















Part 2: Tert-butyl Subphthalocyanines 
 
Introduction:  
Unlike the reasons for synthesizing compounds 1-3, these tert-butyl subphthalocyanines 
were used to increase the solubility of these compounds. These compounds were 
characterized using similar methods as those with of compounds 1-3 in order to compare 
the effects of substitution on subphthalocyanine. There are four different isomers for each 
of the compounds 4 and 5 in solution at a given time, which makes obtaining crystals for 
X-ray analysis nearly impossible.  
Synthesis:  
 Similar to the previous compounds listed (compounds 2 and 3), ferrocenyl 
substituted tert-butyl subphthalocyanine (5) was prepared from its parent compound,  
chloro substitutedtert-butyl subphthalocyanine (4). This was done in order to determine 
the effects of increased solubility, compared to the relatively low solubility of compound 
1, and to determine whether there is in fact electronic communication with this type of 
subphthalocyanine core. This was done by taking milligram quantities of compound 4 
and reacting it with a three-fold excess of FcCOOH. Previously reported synthesis of 
axial substitution on subphthalocyanines indicated the use of boiling toluene for many 
hours to get the desired product, so that was the procedure used as shown in Scheme 2. 
Because this was only done to determine if electron communication between ferrocene 
and the subphthalocyanine core was possible for these complexes, only ferrocene 















Scheme 2. Reaction Scheme for synthesis of compound 5. 
 
































H-NMR spectrum for compound 5 is shown above in Figure 22.  Similar to the 
other synthesized compounds, there are nine protons belonging to the axial ferrocenyl 
group.  Two of which are -Cp protons, two -Cp protons and five Cp protons where the 
signal for the α and β-Cp protons are almost overlapped making the two signals hard to 
distinguish. The β-Cp signal lies at the shoulder of the α-Cp signal.  For compound 5 
however, there are three distinct phenyl protons. Again, there are two  protons in the 
aromatic region (Ha and Hb), but are different from one another depending on where the 
functional group lies and a  proton (Hc) opposite of the tert-butyl group. Further upfield 
there is a very intense peak belonging to all the tert butyl protons for compound 5. The 
other peaks belong to common solvents: water, methanol and DCM.  
 
UV-Vis NIR and MCD Spectra: 
 
Figure 23. UV-Vis and MCD spectra for compounds 4 and 5. 
 
 
UV-Vis and MCD spectra of tBuSubPcs 4 and 5 are presented in Figure 23. In agreement 
with previous publications
9,26-28,31
 and synthesized compound 3, axial substitution of the 
chlorine atom by the carboxylate ligand in compound 5 has a very minor influence on the 
UV-Vis and MCD spectrum, which are dominated by the very intense intra-ligand π-π* 
transitions. Similarly, the MCD spectrum 5 is almost undistinguished from the MCD 
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spectrum of parent compound 4. The Faraday A-term centered at 567 nm in complex 5 
that corresponds to the most intense Q-band band in the UV-vis spectrum of this 




Figure 24. Comparative Fluorescence of intensities for compounds 4 and 5. 
 
As shown in the figure above (Figure 24) compound 4, similar to compound 1, is a 
known fluorescent chromophore. With the introduction of ferrocene carboxylate into the 
subphthalocyanine core, the intensity of fluorescence is greatly decreased. Indeed, upon 
excitation of the Q-band of parent compound 4, an intense fluorescence peak centered at 
582 nm, which is assigned to the S1 → S0 transition. Intensities for both compounds were 
measured under similar conditions and it is clear that the intensity of compound 5 is 
several orders or magnitude lower than that of compound 4 while still maintaining similar 







Figure 25. Room-temperature CV data for compound 5 in DCM/TBAP system. 
 
The redox properties of the ferrocene substituted tert-butyl subphthalocyanine were also 
investigated using the CV (cyclic voltammetry) approach. Similar to the CV data of 
compounds 2 and 3, the first reversible process for compound 5 is ferrocene centered at 
+0.146 V. Also, similar to compounds 2 and 3, there is an irreversible second oxidation 
process at +0.45 V belonging to that of the macrocycle ligand itself, which is indicative 
of the degradation of the compound. There is a reduction process that occurs at -1.71V 
also belonging to the macrocycle ligand. Due to the fact that this compound is much more 
soluble in common solvents, this experiment was run in a DCM/TBAP system. 
Table 6. Table of oxidation potentials for compound 5. 












Figure 26. Spectroelectrochemistry data for compound 5 
 
In compounds 2 and 3, spectroelectrochemistry created the degradation of the compound 
in the electrochemical cell. In the case of compound 5, the oxidation of the  cation 
radical of the subphthalocyanine core is located on the shoulder of the Q-band around 
600 nm. The compound was unable to be reduced back down, leading to the eventual 
degradation of the compound.  Unfortunately, there was no evidence of oxidation of 
Fe(II) within ferrocene because there is no evidence of increased absorbance within the 
IVCT section (inter valence charge transfer) of the spectrum.  
Conclusion: 
Another new ferrocene substituted subphthalocyanine has been prepared and 
characterized using UV-Vis, MCD, NMR, Fluorescence and electrochemical methods. 
UV-Vis and MCD were shown to be very similar to that of compounds 1-3 with only a 
small shift from 564 nm to 570 nm in the Q-band. The MCD signal contained a 
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characteristic A term which is indicative of its three fold symmetry and double 
degeneracy in its excited state. NMR shows typical placement of subphthalocyanine and 
ferrocene protons. Comparative Fluorescence indicated that when compounds 4 and 5 
were measured under similar conditions, the intensity of compound 5 is several orders of 
magnitude lower than that of compound 4 indicating the electron transfer between 
ferrocene and subphthalocyanine. Electrochemical CV methods indicate a first reversible 
oxidation process centered on ferrocene making other two irreversible processes belong 
to the subphthalocyanine core itself. Spectroelectrochemistry indicates the possible 
oxidation of the π cation radical of compound 5.  Unlike compounds 2-3, compounds 4 
















Part III. Thio-substituted Subphthalocyanines 
Introduction: 
As previously stated, effective light-to-energy conversion requires an efficient formation 
of a long-lived charge-separated (CS) states, which have high-energy content. 
Subphthalocyanines (SubPcs) as a whole make excellent antenna complexes due to their 
optical properties. In order to induce electron transfer, the axial bound chlorine needs to 
be replaced by an electron-donating group such as ferrocene. If ferrocene substituted 
SubPc’s can coordinate to an electron acceptor such as C60 then electron transfer can 
occur upon the excitation of an electron from a photon of light, creating a charge 
separated state. Previously synthesized ferrocene substituted SubPc compounds 2 and 3 
were unable to coordinate to C60 due to the poor electron densisty of the 
subphthalocyanine core. In order to increase electron density, electron rich 
subphthalocyanines need to be synthesized. By increasing the electron density around the 
subphthalocyanine core, the ability to coordinate to C60 also increases, thus creating a 
potential light-harvesting unit. 
 
Synthesis: 
As stated above, more electron rich SubPc’s needed to be synthesized. One way of 
achieving this is with the addition of thiol substituents to the subphthalocyanine core. 
Using a previously reported procedure, compound 8 was synthesized by taking multigram 
quantities of 2,3-dicyanohydroquinone along with para-toluenesulfonyl chloride and 
potassium carbonate and refluxing it in acetone for a couple hours and later stirring in 
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water for an additional hour (Scheme 3).
40















Acetone, H2O 1 hr.
 
Scheme 3. Reaction Scheme for synthesis of compound 8. 
The next step in the reaction was to prepare a thio-substituted nitrile in preparation for 
making the subphthalocyanine. Thiophenol was used because if its large phenyl groups, 
with the intention that it would better coordinate to C60. The nitrile was synthesized by 
taking compound 8 and thiophenol and stirring it in DMSO for 24 hours. Multigram 
quantities of potassium carbonate were added portion wise over a six hour period and 
compound 9 later extracted using DCM and water (Scheme 4). The yield for this reaction 


















Scheme 4. Reaction Scheme for synthesis of compound 9. 
Finally in preparing compound 10, compound 9 was dissolved in a 1M solution of BCl3 
in p-xylene and refluxed for 40 min. Compound 10 was then washed with toluene, dried 













BCl3 in 1.0M P-xylenes
Reflux 40 mn.
 


















H NMR spectrum shown above is for the first compound, compound 8, synthesized 
in the reaction scheme for synthesizing compound 10. No further characterization of 
compound 8 was required because it is a well known compound and is only an 
intermediate to the final compound 10. There are three distinct peaks in the aromatic 
region belonging to the compound 8. The only other peak is that belonging to the methyl 



























H NMR spectrum for compound 9 in CDCl3. 
 
Due to the complex formation of this compound, compound 9, the aromatic protons are 
very hard to distinguish. From the integration, there is the correct number of hydrogens in 
the aromatic region of the NMR for the proposed compound. Again this spectrum is 




















H NMR of the final parent compound 10 is shown above (Figure 29). There are 
three distinct peaks for this compound belonging to aromatic protons. It is assumed that 
there should be four distinct peaks, but because of the close proximity of the three 
protons on the thio phenyls, they appear as one signal with an integration of three. The 
other two peaks have correct integration, one proton belonging to the β-Ph of the 
subphthalocyanine core. It is noticeable that the β-Ph proton peak from compound 9 is at 
6.95 ppm whereas the same proton peak is shifted downfield to 7.10 ppm in compound 
10.  
 
UV-Vis & MCD Spectra: 
 
Figure 30. UV-Vis and MCD spectrum for compounds 10. 
The UV-Vis and MCD spectra for compound 10 are shown above (Figure 30). In the UV-
Vis spectrum the shape of the Q-band is characteristic of that of other 
subphthalocyanines, such as compounds 1-5 listed previously, and is indicative of the Q-
band representing the π to π* transitions of the HOMO to LUMO orbitals. Alternatively, 
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unlike compounds 1-5 whose Q-bands were somewhere between 560-580 nm, compound 
10 has a Q-band peak at 644 nm. This is in agreement with the fact that thiol-substituted 
SubPc’s have more electron density around the subphthalocyanine core, thus shifting the 
Q-band to lower energy within the visible region. As for the MCD spectrum, SubPc’s that 
have been explored in this discussion have all exhibited a characteristic Farday A term. In 
the spectrum of compound 10, there are two B terms. 
 
Fluorescence: 
Compound 10 was further characterized by fluorescence. It is expected that this 
compound, like the other two parent compounds 1 and 4, is also a fluorescent 
chromophore. As you can see from the figure below (Figure 31), that is in fact the case. 
Also similar to the other parent compounds, the fluorescent spectrum is a mirror image of 
the intense Q-band of the UV-Vis spectrum which is centered at 662 nm. 
 






Figure 32. Room-temperature CV data for compound 10 in DCM/TBAP system. 
Similar to all compounds reported above (compounds 1-5) compound 10 was further 
characterized using CV (cyclic voltammetry) electrochemical methods (Figure 32). In 
agreement with compounds 1-5, there is an irreversible oxidation and reduction peak 
belonging to that of the subphthalocyanine core at 0.6987V and -1.893V respectively 
(Table 7). The first oxidation process at 0.3943 V however is a reversible process that has 
not been seen in compounds 1 & 4. It is possible that it belongs to another process of the 
compound that is only introduced with the thiol substituents. This can be responsible for 
the first irreversible reduction process at -1.5063 V as well. Because there are several 
sulfur groups in this compound, the process is very intense. 
Table 7. Table of oxidation potentials for compound 10. 













In this chapter, a thiol substituted subphthalocyanine was prepared and characterized with 
the idea to potentially utilize it as a light-harvesting unit. Characterization techniques 
used were UV-Vis, MCD, NMR, Fluorescence and electrochemical methods. It was 
found that there was an 80 nm blue shift to lower energy of the Q-band in the UV-Vis 
spectrum. In the MCD there were two uncharacteristic B terms, unlike the A terms seen 
previously. NMR showed a shift downfield for the β-SubPc proton in compound 10 from 
that of compound 9. Also, due to the dominance of the thiophenol protons in the aromatic 
region the β-SubPc proton is shifted upfield from 8-8.5 ppm to 7.0 ppm. Fluorescence 
maintains the common image among other SubPcs investigated in this paper, that the 
spectrum is a mirror image of the Q-band. Also similar to the UV spectrum, there is about 
an 80 nm blue shift to lower energy. Like compounds 1 and 4, compound 10 is also a 
fluorescent chromophore. Electrochemical CV methods show the irreversible oxidation 
and reduction processes centered on the subphthalocyanine compound. Two new 
processes appear in this parent compound that has not been seen in the other two parent 
compounds, compounds 1 and 4. These are likely due to the introduction of the thiol 









 Reagents and materials. All reactions were performed under an argon atmosphere 
using standard Schlenk techniques. All solvents were purified by standard methods: THF 
was distilled over sodium-potassium alloy, toluene was distilled over sodium metal, 
DCM and hexane were distilled over calcium hydride, o-DCB was distilled over P2O5 
under reduced pressure, and methanol was distilled over magnesium under an argon 
atmosphere. NaBH4, NH4Cl, tert-butyl lithium solution in hexanes, SubPcCl (1), 
ferrocene and ferrocenecarboxaldehyde were purchased from Aldrich and used without 
further purification. Silica gel (60 Å, 60-100 µm) was purchased from Dynamic 
Adsorbents Inc. 
 Preparation of FcCH2OH (6). This compound was prepared using a slightly 
modified earlier reported procedure.
11
 NaBH4 (30.0 mg; 0.79 mmol) was added to a 
solution of ferrocenecarboxaldehyde (500.0 mg; 2.34 mmol) in 20 ml of THF and 0.4 ml 
of methanol and the reaction mixture was stirred at room temperature for 24 h. At this 
time, solid NaBH4 was completely dissolved and the reaction mixture changed color from 
orange to yellow-brown. After the reaction was completed, a solution of NH4Cl (333 mg; 
6.22 mmol) in 20 ml of water was added drop-wise to the reaction mixture (Caution: gas 
evolution). Next, 75 ml of ethyl acetate and 50 ml of water were added to the reaction 
mixture. The organic layer was separated from water and the water layer was extracted 
with 15 ml of ethyl acetate. The combined organic layers were washed with water (3x20 
ml) and dried over sodium sulfate. Ethyl acetate was removed under reduced pressure and 
the resulting oil was recrystallized from hexane. The needle-crystalline solid was filtered 
off, washed with cold hexane, and dried on air. Yield: 391 mg (77 %). NMR data are in 
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agreement with those previously reported: 
1
H NMR (δ, ppm, CDCl3) 4.33 (2H, s, CH2), 
4.27 (2H, t, α-Cp), 4.19 (5H, s, Cp), 4.18 (2H, t, β-Cp), 1.51 (H, s, OH), 
 Preparation of FcCO2H (7). This compound was prepared using a slightly 
modified earlier reported procedure.
12
 Solution of tert-butyllithium ( 13.4 ml; 22.7 mmol) 
in hexane was added during 15 min to a stirred solution of ferrocene (5.0 g; 26.9 mmol) 
in 23 ml of THF  at 0°C. After additional stirring for 15 min at 0°C, the solution was 
warmed up to room temperature and poured out on to 1L beaker with crashed dry ice. 
Next, 300 ml of water was slowly added to the resulting mixture and solution was filtered 
in order to remove unreacted ferrocene. A solution of hydrochloric acid (0.1 M) was 
added to a stirred filtrate to achieve pH = 7. The resulting precipitate was filtered, washed 
with cold water and dried first in air and then under reduced pressure. The yield of 
yellow-brown powder was 3.41 g (56.3 %). The compound purity was confirmed by 
1
H-
NMR and compared to a purchased sample. 
1
H NMR (δ, ppm, CDCl3): 7.36 (1H, s, OH), 
4.85 (2H, m, α-Cp), 4.46 (2H, m, β-Cp), 4.26 (5H, s, Cp). 
 Preparation of SubPcOCH2Fc (2). Mixture of SubPcCl (1) (50 mg; 0.116 mmol) 
and silver triflate (37 mg; 0.148 mmol) was dissolved in 3 ml of dry toluene and stirred 
for 2.5 h at room temperature. After this period of time, a solution of FcCH2OH 6 (50 mg; 
0.233 mmol) and (i-Pr)2NEt (20.5 µL; 0.145 mmol) in 3 ml of toluene was added as a 
single portion and the reaction mixture was stirred for an additional 8 h. Solvent was 
removed under vacuum and the solid was redissolved in 5 ml of DCM and loaded on a 
short chromatographic column (SiO2, toluene : THF (5:2 v/v)). The first pink fraction was 
collected, its solvent was evaporated under reduced pressure and the resulting solid was 
recrystallized from a water/THF mixture. Yield: 12 mg (17 %). Elemental analysis 
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calculated for C35H23BN6OFe: C(68.89), H(3.80), N(13.77); found C(68.01), H(3.83), 
N(13.47). 
1
H NMR (δ, ppm, CDCl3): 8.85 (6H, dd, α-SubPc), 7.90 (6H, dd, β- SubPc), 
3.75 (5H, s, Cp), 3.71 (2H, m, β-Cp), 3.40 (2H, m, α-Cp), 2.34 (2H, s, CH2); 
13
C NMR 
(δ, ppm, TMS, CDCl3): 151.7 (α-pyrrole), 131.1 (β-pyrrole), 129.8 (α- SubPc), 122.2 (β- 
SubPc), 85.3 (Cipso) 68.2 (Cp), 68.1 (α-Cp), 67.8 (β-Cp), 58.0 (CH2). 
 Preparation of SubPcO2CFc (3). A mixture of ferrocenecarboxylic acid (321 mg; 
1.395 mmol) and subphthalocyanine chloride (1) (200 mg; 0.465 mmol) in 3 ml of o-
dichlorobenzene was refluxed for 3 h, cooled down, filtered, and the remaining residue 
was washed with DCM. Combined organic layers were evaporated under reduced 
pressure, and the resulting solid was redissolved in toluene and filtered. The toluene was 
evaporated under reduced pressure and the remaining solid was redissolved in 
dichloromethane and separated on a short chromatography column (SiO2, DCM/THF 
(1:15 v/v)). The first red fraction was collected and solvent was evaporated under reduced 
pressure. 280 mg of the crude product was recrystallized first from THF/water and then 
from DCM/hexane systems. Yield: 185 mg (64 %). Elemental analysis calculated for 
C35H21BN6O2Fe: C(67.34), H(3.39), N(13.46); found C(66.77), H(3.53), N(12.67).  
1
H 
NMR (δ, ppm, CDCl3): 8.90 (6H, m, α- SubPc), 7.92 (6H, m, β- SubPc), 3.98 (2H, m, β-
Cp), 3.97 (2H, m, α-Cp), 3.65 (5H, m, Cp); 13C NMR (δ, ppm, TMS, CDCl3): 170.47 
(CO2), 151.7 (α-pyrrole), 131.3 (β-pyrrole), 130.1 (α- SubPc), 122.6 (β- SubPc), 105.0 
(Cipso) , 71.1 (α-Cp), 70.1 (β-Cp), 69.7 (Cp).  
 
Preparation of tert-butylSubPcO2CFc (5).  The compound was prepared by taking tert-
butylSubPcCl (4) (150mg) and a threefold excess of FcCO2H (450 mg) and refluxing it in 
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toluene (3ml) for 20 hours. The compound was then dried under reduced pressure. The 
compound was further purified by column chromatography on silica gel in a DCM/THF 
system (1:20 (v/v)). Solvent was evaporated and compound was dried under reduced 
pressure. Yield 28 mg. 
1
H NMR (δ, ppm, CDCl3): 8.93 (3H, d, Ha), 8.81 (3H, m, Hb), 
7.98 (3H, d, Hc) 3.96 (2H, m, β-Cp), 3.95 (2H, m, α-Cp), 3.65 (5H,m, Cp), 1.56 (18H, m, 
CH3), 1.38 (9H,m, CH3).  
 
Preparation of 3,6-bis(4-methylphenyl sulfonyloxy) phthalonitrile (8). This compound 
was prepared using a previously reported procedure
40
 by taking 2,3-dicyanohydroquinone 
(2.0 grams, 12.5 mmol) and refluxing with potassium carbonate (7.0 grams, 50 mmol) 
and para-toluene sulfonyl chloride (5.2 grams, 27mmol) in acetone (15 ml) for 2 hours. 
The mixture was then added to 40 ml of water and stirred for an additional hour. The 
product was then filtered off and dried overnight. The next morning the light brown 
product was dried under reduced pressure in a 50⁰C water bath. Yield 5.2g (89%). 1H 
NMR (δ, ppm, CDCl3): 7.860 (4H, d, Ha), 7.827 (2H, d, Hc), 7.435 (4H, d, Hb) 2.522 
(6H,m, Hd). 
 
Preparation of 3,6-di(thiophenol)-4,5-dicyanobenzene (9).  This compound was prepared 
by a mixture of thiophenol ( 2.8 g, 25.4 mmol) and 3,6 bis(4-methylphenyl sulfonyloxy) 
phthalonitrile (8) (5 g, 9.2 mmol) in dimethylsulfoxide (30ml) that stirred for 24 hours. 
Potassium carbonate was added in 2 gram portions every two hours for the first six hours. 
After 24 hours, 40ml of water was added to the flask. The aqueous phase was extracted 
using dichloromethane (3 x 50 ml). The extracts were further treated with 5% sodium 
53 
 
bicarbonate solution (2 x 250 ml) and then again with water (2 x 250 ml). The solvent 
was then distilled off and the compound was re-crystallized from methanol. The 
compound was then washed with cold hexane and left to dry. Yield 1.2 g (33%). 
1
H 
NMR (δ, ppm, CDCl3): 7.48 (4H, m, Thiophenol), 7.42 (6H, m, Thiophenol), 6.96 (2H, s, 
Hc). 
 
Preparation of SubPc(SPh)8 (10). Using a similar procedure as previously reported, this 
compound was prepared from 3,6-di(thiophenol)-4,5-dicyanobenzene (9) (750 mg, 0.69 
mmol) and was dissolved in a 0.1M solution of boron trichloride in p-xylene (3 ml). The 
reaction mixture refluxed for 45 min, was cooled, and flushed with argon gas to get rid of 
excess boron trichloride. The remaining solvent was evaporated under reduced pressure 
and the subsequent crude product was washed several times with toluene. The compound 
was then filtered and the blue solution was evaporated using rotovapor. The compound 
was then washed with methanol, filtered, and left to dry overnight. Yield 68 mg (2.9 %). 
Elemental analysis calculated for C60H36BN6S6Cl: C(65.31), H(3.53), N(7.62); found 
C(65.75), H(3.39), N(7.37). 
1
H NMR (δ, ppm, CDCl3): 7.75 (6H, m, Hb), 7.49 (18H, m, 
Hc), 7.10 (6H, m, Ha). 
DFT-PCM and TDDFT-PCM Calculations. The initial geometries of complexes 1 - 3 
were taken from the X-ray data and optimized at the DFT level, using a hybrid PBE1PBE 
exchange-correlation functional.
13
 This exchange-correlation functional was shown to 
provide a good agreement between theoretical and experimental bond distances and 
angles in ferrocene-containing compounds.
14
 Equilibrium geometries were confirmed by 
frequency calculations and specifically by the absence of the imaginary frequencies. 
54 
 
Solvation effects were modeled using the polarized continuum model (PCM) approach.
15
 
DCM was used as the solvent in all calculations. All single-point DFT-PCM and TDDFT-
PCM calculations were conducted using a pure BP86 functional,
16
 which accurately 
describes vertical excitation energies in a variety of porphyrinoids.
17
 The first 35 states 
were considered in all PCM-TDDFT calculations. In all cases, Wachter’s full-electron 
basis set
18
 was used for iron centers and 6-31G(d)
19
 for all other atoms. All calculations 
were performed using Gaussian 09 software.
20
 Molecular orbital analysis was conducted 
using the QMForge program.
21 
 
X-ray crystallography. Single crystals of complexes 1, 2, and 3 suitable for X-ray 
crystallographic analysis were obtained by the slow evaporation of o-DCB, 
dichloromethane/hexane, and toluene solutions, respectively. X-ray diffraction data were 
collected on a Rigaku RAPID-II diffractometer using a graphite monochromator using Cu 
K (λ=1.5418 Å) or Mo K (λ=0.71073 Å) radiation at -150 0C. Multi-scan absorption 
correction
22
 was applied to the data in all cases. The crystal structures were solved by the 
direct method (SIR-92)
23
 and refined by full-matrix least-squares method on F
2
 using the 
SHELXL-97 program.
24
 PLATON program was used for visualization of the results. 
Crystal data for complexes 1 – 3 are summarized in Table 1, while selected bond 
distances and angles are presented in Table 3. CCDC 861030, 861031, and 861032 
contain the supplementary crystallographic data for all compounds. These data can be 
obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from 
Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; 




Table 1. Summary of crystallographic data for compounds 1 - 3. 
 1 2 3 
Empirical formula C24H12N6BCl C35H23N6OBF
e 
C35H21N6O2BFe 
Formula weight 430.66 610.25 624.24 
Crystal system Orthorhombic Monoclinic Monoclinic 
Space group, Z Pnma, 4 C2/c, 8 P21/c, 4 
a (Å) 12.1224(2) 28.610(5) 17.2645(8) 
b (Å) 14.8449(10) 11.197(5) 7.7863(2) 
c (Å) 10.3283(1) 18.146(5) 20.6276(14) 
β (°) 90 114.658(5) 95.019(7) 
Volume (Å
3
) 1858.6(1) 5283(3) 2762.3(2) 
ρcalc(g/cm
3
) 1.539 1.535 1.501 







Meas./unique reflns 12595/1756 17320/6032 29594/5040 
Rint 0.0351 0.0492 0.0647 
GoF(F
2










 (all data) 0.0852/0.2127 0.0704/0.1625 0.0815/0.2060 
Δρmax/Δρmin (e/Å
3
) 0.838/-0.485 1.067/-0.902 0.618/-0.971  




Spectroscopy Measurements. UV-Vis data were obtained on Jasco-720 or Cary 17 
spectrophotometers. MCD data were recorded using OLIS DCM 17 CD 
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spectropolarimeter with a 1.4 T DeSa magnet. The MCD spectra were measured in mdeg 
= [θ] and converted to Δε (M-1 cm-1 T-1) using the regular conversion formula: 
Δε=θ/(32980 • Bdc), where B is the magnetic field, d is the path length, and c is the 
concentration. Complete spectra were recorded at room temperature in parallel and anti-
parallel directions with respect to the magnetic field. Electrochemical measurements were 
conducted using a CH Instruments electrochemical analyzer utilizing a three-electrode 
scheme with platinum working, auxiliary and Ag/AgCl reference electrodes in 0.1 M 
solution of TBAP in DMF with redox potentials corrected using an internal standard 
(decamethylferrocene, Fc*) in all cases. The redox potentials were then corrected to 




 in the 
DMF/TBAP system. NMR spectra were recorded on a Varian INOVA instrument with a 
500 MHz frequency for protons and 125 MHz for carbon. Chemical shifts are reported in 





C signals were made using COSY and HMQC spectra. 
Elemental analyses were conducted by Atlantic Microlab. Steady-state fluorescence data 
were collected using Cary Eclipse fluorimeter at room temperature.  
 Time-resolved fluorescence data measurements were carried out using time-
correlated single-photon counting (TCSPC) technique, which was described in details 
elsewhere.
25
 Briefly, femtosecond laser pulses (475 nm, 4.2 MHz, 120 fs) were generated 
using a Titanium-Sapphire laser system (950 nm, 760 MHz, Mira 900-F, Coherent), a 
pulse picker (Mira 9200, Coherent) and a second harmonic generator for one-photon 
excitation of compounds 1 - 3. The samples were prepared in a deep-well slide and a 
coverslip, sealed with nail polish, and positioned in the focal plane of 1.2NA microscope 
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objective (Olympus) in an inverted IX81 microscope (Olympus). The epifluorescence 
signal was directed toward a microchannel plate photomultiplier tube, MCP-PMT, 
(R3809U, Hamamatsu) through a filter (585±40 nm) and a Glan-Thompson polarizer, 
which was set at the magic angle (54.7
0
). A histogram of fluorescence photon arrival 
times (i.e., a fluorescence decay) was recorded using a SPC 830 module (Becker and 
Hickl, Berlin, Germany) and analyzed using SPCImage software.   
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Supporting Information Figure 1. Experimental (top) and TDDFT predicted (bottom) UV-
vis spectra of compound 1. Q- and B-band regions are labeled as Q and B. 
Supporting Information Figure 2. Experimental (top) and TDDFT predicted (bottom) UV-




CIF Information for Compound 1: 
  Table 1.  Crystal data and structure refinement for a0011. 
  
  
      Identification code               a0011 
  
      Empirical formula                 C24 H12 B Cl N6 
  
      Formula weight                    430.66 
  
      Temperature                       123(2) K 
  
      Wavelength                        1.54187 A 
  
      Crystal system, space group       Orthorhombic,  Pnma 
  
      Unit cell dimensions              a = 12.1224(2) A   alpha = 90 deg. 
                                        b = 14.8449(10) A    beta = 90 deg. 
                                        c = 10.32830(10) A   gamma = 90 deg. 
  
      Volume                            1858.64(13) A^3 
  
      Z, Calculated density             4,  1.539 Mg/m^3 
  
      Absorption coefficient            2.041 mm^-1 
Supporting Information Figure 3. Experimental (top) and TDDFT predicted (bottom) UV-




      F(000)                            880 
  
      Crystal size                      0.21 x 0.2 x 0.16 mm 
  
      Theta range for data collection   7.31 to 68.24 deg. 
  
      Limiting indices                  -13<=h<=14, -17<=k<=17, -12<=l<=11 
  
      Reflections collected / unique    12595 / 1756 [R(int) = 0.0351] 
  
      Completeness to theta = 68.24     99.1 % 
  
      Absorption correction             Semi-empirical from equivalents 
  
      Max. and min. transmission        1.000 and 0.705 
  
      Refinement method                 Full-matrix least-squares on F^2 
  
      Data / restraints / parameters    1756 / 0 / 151 
  
      Goodness-of-fit on F^2            1.156 
  
      Final R indices [I>2sigma(I)]     R1 = 0.0668, wR2 = 0.1872 
  
      R indices (all data)              R1 = 0.0852, wR2 = 0.2127 
  
      Largest diff. peak and hole       0.838 and -0.485 e.A^-3 
  
         Table 2.  Atomic coordinates ( x 10^4) and equivalent isotropic 
         displacement parameters (A^2 x 10^3) for a0011. 
         U(eq) is defined as one third of the trace of the orthogonalized 
         Uij tensor. 
  
         ________________________________________________________________ 
  
                         x             y             z           U(eq) 
         ________________________________________________________________ 
  
          Cl(1)        3129(1)       7500          2388(1)       39(1) 
          N(1)         3377(2)       6705(2)        -69(3)       33(1) 
          N(2)         1724(4)       7500           234(4)       37(1) 
          N(3)         4932(3)       7500          -920(4)       36(1) 
          N(4)         1663(3)       5935(2)       -270(3)       39(1) 
          C(1)         4384(3)       6730(2)       -682(4)       33(1) 
          C(2)         4536(3)       5823(2)      -1197(3)       36(1) 
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          C(3)         3539(3)       5337(2)       -990(3)       34(1) 
          C(4)         2773(3)       5956(2)       -346(3)       35(1) 
          C(5)         5413(3)       5433(2)      -1890(4)       38(1) 
          C(6)         5280(3)       4544(2)      -2291(4)       40(1) 
          C(7)         4310(3)       4067(3)      -2059(4)       40(1) 
          C(8)         3430(3)       4458(2)      -1424(4)       38(1) 
          C(9)         1144(3)       6731(2)        -61(3)       37(1) 
          C(10)          36(3)       7018(2)       -346(3)       37(1) 
          C(11)        -918(3)       6533(3)       -663(4)       44(1) 
          C(12)       -1857(3)       7033(3)       -952(4)       51(1) 
          B(1)         2901(5)       7500           578(6)       36(1) 
         ________________________________________________________________ 
  
           Table 3.  Bond lengths [A] and angles [deg] for a0011. 
           _____________________________________________________________ 
  
            Cl(1)-B(1)                    1.890(6) 
            N(1)-C(4)                     1.361(4) 
            N(1)-C(1)                     1.376(4) 
            N(1)-B(1)                     1.473(4) 
            N(2)-C(9)                     1.375(4) 
            N(2)-C(9)#1                   1.375(4) 
            N(2)-B(1)                     1.470(8) 
            N(3)-C(1)#1                   1.344(4) 
            N(3)-C(1)                     1.344(4) 
            N(4)-C(4)                     1.348(5) 
            N(4)-C(9)                     1.356(5) 
            C(1)-C(2)                     1.460(5) 
            C(2)-C(5)                     1.407(5) 
            C(2)-C(3)                     1.423(5) 
            C(3)-C(8)                     1.387(5) 
            C(3)-C(4)                     1.466(5) 
            C(5)-C(6)                     1.392(5) 
            C(5)-H(5)                     0.9500 
            C(6)-C(7)                     1.394(6) 
            C(6)-H(6)                     0.9500 
            C(7)-C(8)                     1.380(5) 
            C(7)-H(7)                     0.9500 
            C(8)-H(8)                     0.9500 
            C(9)-C(10)                    1.439(5) 
            C(10)-C(11)                   1.400(5) 
            C(10)-C(10)#1                 1.433(7) 
            C(11)-C(12)                   1.391(6) 
            C(11)-H(11)                   0.9500 
            C(12)-C(12)#1                 1.388(8) 
            C(12)-H(12)                   0.9500 
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            B(1)-N(1)#1                   1.473(4) 
  
            C(4)-N(1)-C(1)              113.7(3) 
            C(4)-N(1)-B(1)              122.7(3) 
            C(1)-N(1)-B(1)              122.3(3) 
            C(9)-N(2)-C(9)#1            112.3(4) 
            C(9)-N(2)-B(1)              123.4(2) 
            C(9)#1-N(2)-B(1)            123.4(2) 
            C(1)#1-N(3)-C(1)            116.4(4) 
            C(4)-N(4)-C(9)              116.9(3) 
            N(3)-C(1)-N(1)              123.1(3) 
            N(3)-C(1)-C(2)              130.9(3) 
            N(1)-C(1)-C(2)              104.7(3) 
            C(5)-C(2)-C(3)              120.7(3) 
            C(5)-C(2)-C(1)              131.3(3) 
            C(3)-C(2)-C(1)              107.8(3) 
            C(8)-C(3)-C(2)              120.6(3) 
            C(8)-C(3)-C(4)              132.6(3) 
            C(2)-C(3)-C(4)              106.8(3) 
            N(4)-C(4)-N(1)              122.9(3) 
            N(4)-C(4)-C(3)              130.1(3) 
            N(1)-C(4)-C(3)              105.5(3) 
            C(6)-C(5)-C(2)              117.0(4) 
            C(6)-C(5)-H(5)              121.5 
            C(2)-C(5)-H(5)              121.5 
            C(5)-C(6)-C(7)              121.9(4) 
            C(5)-C(6)-H(6)              119.1 
            C(7)-C(6)-H(6)              119.1 
            C(8)-C(7)-C(6)              121.3(4) 
            C(8)-C(7)-H(7)              119.3 
            C(6)-C(7)-H(7)              119.3 
            C(7)-C(8)-C(3)              118.4(4) 
            C(7)-C(8)-H(8)              120.8 
            C(3)-C(8)-H(8)              120.8 
            N(4)-C(9)-N(2)              121.4(4) 
            N(4)-C(9)-C(10)             131.2(3) 
            N(2)-C(9)-C(10)             106.1(3) 
            C(11)-C(10)-C(10)#1         120.9(2) 
            C(11)-C(10)-C(9)            131.8(4) 
            C(10)#1-C(10)-C(9)          107.2(2) 
            C(12)-C(11)-C(10)           116.9(4) 
            C(12)-C(11)-H(11)           121.6 
            C(10)-C(11)-H(11)           121.6 
            C(12)#1-C(12)-C(11)         122.2(2) 
            C(12)#1-C(12)-H(12)         118.9 
            C(11)-C(12)-H(12)           118.9 
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            N(2)-B(1)-N(1)              105.7(3) 
            N(2)-B(1)-N(1)#1            105.7(3) 
            N(1)-B(1)-N(1)#1            106.5(4) 
            N(2)-B(1)-Cl(1)             112.4(4) 
            N(1)-B(1)-Cl(1)             113.0(3) 
            N(1)#1-B(1)-Cl(1)           113.0(3) 
           _____________________________________________________________ 
  
           Symmetry transformations used to generate equivalent atoms: 
           #1 x,-y+3/2,z     
  
    Table 4.  Anisotropic displacement parameters (A^2 x 10^3) for a0011. 
    The anisotropic displacement factor exponent takes the form: 
    -2 pi^2 [ h^2 a*^2 U11 + ... + 2 h k a* b* U12 ] 
  
    
_______________________________________________________________________ 
  
              U11        U22        U33        U23        U13        U12 
    
_______________________________________________________________________ 
  
    Cl(1)    53(1)      25(1)      40(1)       0          0(1)       0 
    N(1)     38(2)      19(2)      41(2)      -1(1)       2(1)      -0(1) 
    N(2)     44(3)      25(2)      41(3)       0          2(2)       0 
    N(3)     38(2)      29(2)      42(2)       0         -2(2)       0 
    N(4)     47(2)      26(2)      45(2)      -2(1)       4(1)      -2(1) 
    C(1)     39(2)      22(2)      39(2)       1(1)      -3(2)       0(1) 
    C(2)     44(2)      25(2)      38(2)      -1(2)      -5(2)       2(2) 
    C(3)     44(2)      23(2)      36(2)      -2(1)      -2(2)       2(2) 
    C(4)     39(2)      23(2)      42(2)      -2(2)       2(2)      -0(1) 
    C(5)     47(2)      29(2)      37(2)       2(2)      -5(2)       2(2) 
    C(6)     47(2)      30(2)      42(2)      -4(2)       0(2)       9(2) 
    C(7)     53(2)      28(2)      39(2)      -2(2)      -4(2)       2(2) 
    C(8)     44(2)      25(2)      43(2)      -1(2)      -4(2)      -2(2) 
    C(9)     45(2)      28(2)      39(2)      -2(2)       2(2)      -4(2) 
    C(10)    42(2)      33(2)      37(2)      -4(2)       5(2)      -2(2) 
    C(11)    43(2)      49(2)      40(2)      -3(2)       4(2)      -0(2) 
    C(12)    49(3)      46(2)      58(3)      -2(2)       1(2)      -3(2) 
    B(1)     41(3)      25(3)      41(3)       0          0(3)       0 
    
_______________________________________________________________________ 
         
 Table 5.  Hydrogen coordinates ( x 10^4) and isotropic 




         ________________________________________________________________ 
  
                         x             y             z           U(eq) 
         ________________________________________________________________ 
  
          H(5)         6067          5761         -2075          45 
          H(6)         5867          4254         -2736          48 
          H(7)         4253          3460         -2344          48 
          H(8)         2766          4132         -1288          45 
          H(11)        -923          5893          -679          53 
          H(12)       -2520          6723         -1157          62 
         ________________________________________________________________ 
         Table 6.  Torsion angles [deg] for a0011. 
         ________________________________________________________________ 
  
          C(1)#1-N(3)-C(1)-N(1)                                -8.4(7) 
          C(1)#1-N(3)-C(1)-C(2)                               156.8(3) 
          C(4)-N(1)-C(1)-N(3)                                 156.1(4) 
          B(1)-N(1)-C(1)-N(3)                                 -10.8(6) 
          C(4)-N(1)-C(1)-C(2)                                 -12.4(4) 
          B(1)-N(1)-C(1)-C(2)                                -179.3(4) 
          N(3)-C(1)-C(2)-C(5)                                  14.3(7) 
          N(1)-C(1)-C(2)-C(5)                                -178.4(4) 
          N(3)-C(1)-C(2)-C(3)                                -160.3(4) 
          N(1)-C(1)-C(2)-C(3)                                   6.9(4) 
          C(5)-C(2)-C(3)-C(8)                                   2.5(5) 
          C(1)-C(2)-C(3)-C(8)                                 177.8(3) 
          C(5)-C(2)-C(3)-C(4)                                -175.2(3) 
          C(1)-C(2)-C(3)-C(4)                                   0.1(4) 
          C(9)-N(4)-C(4)-N(1)                                   8.3(5) 
          C(9)-N(4)-C(4)-C(3)                                -155.6(4) 
          C(1)-N(1)-C(4)-N(4)                                -154.7(3) 
          B(1)-N(1)-C(4)-N(4)                                  12.2(6) 
          C(1)-N(1)-C(4)-C(3)                                  12.5(4) 
          B(1)-N(1)-C(4)-C(3)                                 179.4(4) 
          C(8)-C(3)-C(4)-N(4)                                 -18.6(7) 
          C(2)-C(3)-C(4)-N(4)                                 158.7(4) 
          C(8)-C(3)-C(4)-N(1)                                 175.4(4) 
          C(2)-C(3)-C(4)-N(1)                                  -7.3(4) 
          C(3)-C(2)-C(5)-C(6)                                  -3.5(5) 
          C(1)-C(2)-C(5)-C(6)                                -177.5(4) 
          C(2)-C(5)-C(6)-C(7)                                   2.1(5) 
          C(5)-C(6)-C(7)-C(8)                                   0.4(6) 
          C(6)-C(7)-C(8)-C(3)                                  -1.5(6) 
          C(2)-C(3)-C(8)-C(7)                                   0.0(5) 
          C(4)-C(3)-C(8)-C(7)                                 177.0(4) 
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          C(4)-N(4)-C(9)-N(2)                                  -8.6(5) 
          C(4)-N(4)-C(9)-C(10)                                156.2(4) 
          C(9)#1-N(2)-C(9)-N(4)                               157.2(3) 
          B(1)-N(2)-C(9)-N(4)                                 -11.5(7) 
          C(9)#1-N(2)-C(9)-C(10)                              -10.9(6) 
          B(1)-N(2)-C(9)-C(10)                               -179.7(4) 
          N(4)-C(9)-C(10)-C(11)                                15.8(7) 
          N(2)-C(9)-C(10)-C(11)                              -177.6(4) 
          N(4)-C(9)-C(10)-C(10)#1                            -160.2(3) 
          N(2)-C(9)-C(10)-C(10)#1                               6.4(3) 
          C(10)#1-C(10)-C(11)-C(12)                            -1.0(4) 
          C(9)-C(10)-C(11)-C(12)                             -176.6(4) 
          C(10)-C(11)-C(12)-C(12)#1                             1.1(4) 
          C(9)-N(2)-B(1)-N(1)                                  27.4(6) 
          C(9)#1-N(2)-B(1)-N(1)                              -140.0(4) 
          C(9)-N(2)-B(1)-N(1)#1                               140.0(4) 
          C(9)#1-N(2)-B(1)-N(1)#1                             -27.4(6) 
          C(9)-N(2)-B(1)-Cl(1)                                -96.3(4) 
          C(9)#1-N(2)-B(1)-Cl(1)                               96.3(4) 
          C(4)-N(1)-B(1)-N(2)                                 -27.7(5) 
          C(1)-N(1)-B(1)-N(2)                                 138.1(4) 
          C(4)-N(1)-B(1)-N(1)#1                              -139.7(3) 
          C(1)-N(1)-B(1)-N(1)#1                                26.0(6) 
          C(4)-N(1)-B(1)-Cl(1)                                 95.6(4) 
          C(1)-N(1)-B(1)-Cl(1)                                -98.6(4) 
         ________________________________________________________________ 
  
         Symmetry transformations used to generate equivalent atoms: 
         #1 x,-y+3/2,z     
  





 D-H...A                      d(D-H)      d(H...A)    d(D...A)    <(DHA) 
 
CIF Information for Compound 2 
Table 1.  Crystal data and structure refinement for a0022. 
  
  
      Identification code               a0022 
  
      Empirical formula                 C35 H23 B Fe N6 O 
  




      Temperature                       123(2) K 
  
      Wavelength                        0.71073 A 
  
      Crystal system, space group       Monoclinic,  C2/c 
  
      Unit cell dimensions              a = 28.610(5) A   alpha = 90 deg. 
                                        b = 11.197(5) A    beta = 114.658(5) deg. 
                                        c = 18.146(5) A   gamma = 90 deg. 
  
      Volume                            5283(3) A^3 
  
      Z, Calculated density             8,  1.535 Mg/m^3 
  
      Absorption coefficient            0.615 mm^-1 
  
      F(000)                            2512 
  
      Crystal size                      0.76 x 0.21 x 0.10 mm 
  
      Theta range for data collection   3.08 to 27.49 deg. 
  
      Limiting indices                  -37<=h<=37, -14<=k<=14, -20<=l<=23 
  
      Reflections collected / unique    17320 / 6032 [R(int) = 0.0492] 
  
      Completeness to theta = 27.49     99.4 % 
  
      Absorption correction             Semi-empirical from equivalents 
  
      Max. and min. transmission        1.0000 and 0.5820 
  
      Refinement method                 Full-matrix least-squares on F^2 
  
      Data / restraints / parameters    6032 / 0 / 397 
  
      Goodness-of-fit on F^2            1.047 
  
      Final R indices [I>2sigma(I)]     R1 = 0.0612, wR2 = 0.1553 
  
      R indices (all data)              R1 = 0.0704, wR2 = 0.1625 
  
      Largest diff. peak and hole       1.067 and -0.902 e.A^-3 
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         Table 2.  Atomic coordinates ( x 10^4) and equivalent isotropic 
         displacement parameters (A^2 x 10^3) for a0022. 
         U(eq) is defined as one third of the trace of the orthogonalized 
         Uij tensor. 
  
         ________________________________________________________________ 
  
                         x             y             z           U(eq) 
         ________________________________________________________________ 
  
          C(1)         5755(1)        475(3)       3582(2)       21(1) 
          C(2)         5640(1)        722(3)       2738(2)       21(1) 
          C(3)         5798(1)       1918(3)       2697(2)       22(1) 
          C(4)         6012(1)       2385(3)       3519(2)       22(1) 
          C(5)         5467(1)         -2(3)       2052(2)       24(1) 
          C(6)         5446(1)        482(3)       1336(2)       28(1) 
          C(7)         5592(1)       1662(3)       1293(2)       28(1) 
          C(8)         5778(1)       2392(3)       1973(2)       25(1) 
          C(9)         6648(1)       3235(3)       4634(2)       22(1) 
          C(10)        7129(1)       3832(3)       5130(2)       24(1) 
          C(11)        7362(1)       3172(3)       5861(2)       24(1) 
          C(12)        7021(1)       2171(3)       5810(2)       22(1) 
          C(13)        7362(1)       4852(3)       4993(2)       27(1) 
          C(14)        7815(1)       5234(3)       5619(2)       31(1) 
          C(15)        8043(1)       4594(3)       6342(2)       31(1) 
          C(16)        7831(1)       3541(3)       6469(2)       28(1) 
          C(17)        6759(1)        254(3)       5875(2)       22(1) 
          C(18)        6805(1)      -1034(3)       5986(2)       23(1) 
          C(19)        6403(1)      -1568(3)       5300(2)       23(1) 
          C(20)        6119(1)       -591(2)       4770(2)       21(1) 
          C(21)        7163(1)      -1742(3)       6589(2)       28(1) 
          C(22)        7101(1)      -2971(3)       6519(2)       33(1) 
          C(23)        6704(1)      -3494(3)       5853(2)       32(1) 
          C(24)        6357(1)      -2805(3)       5227(2)       26(1) 
          C(25)        5581(1)       3212(3)       5034(2)       26(1) 
          C(26)        5368(1)       3596(3)       5623(2)       23(1) 
          C(27)        5377(1)       4772(3)       5926(2)       27(1) 
          C(28)        5135(1)       4732(3)       6471(2)       30(1) 
          C(29)        4974(1)       3545(3)       6500(2)       30(1) 
          C(30)        5118(1)       2840(3)       5978(2)       26(1) 
          C(31)        6515(1)       3463(3)       7084(2)       30(1) 
          C(32)        6332(1)       2394(3)       7300(2)       29(1) 
          C(33)        6163(1)       2694(3)       7914(2)       28(1) 
          C(34)        6227(1)       3931(3)       8059(2)       29(1) 
          C(35)        6454(1)       4409(3)       7558(2)       30(1) 
          N(1)         5922(1)       1531(2)       3982(1)       20(1) 
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          N(2)         6343(1)       3295(2)       3835(1)       23(1) 
          N(3)         6591(1)       2369(2)       5117(1)       21(1) 
          N(4)         7099(1)       1140(2)       6225(1)       23(1) 
          N(5)         6313(1)        428(2)       5197(1)       20(1) 
          N(6)         5815(1)       -575(2)       3967(1)       21(1) 
          O(1)         5756(1)       2035(2)       5203(1)       25(1) 
          Fe(1)        5758(1)       3631(1)       6854(1)       23(1) 
          B(1)         6111(1)       1638(3)       4887(2)       20(1) 
         ________________________________________________________________ 
  
           Table 3.  Bond lengths [A] and angles [deg] for a0022. 
           _____________________________________________________________ 
  
            C(1)-N(6)                     1.343(4) 
            C(1)-N(1)                     1.366(4) 
            C(1)-C(2)                     1.452(4) 
            C(2)-C(5)                     1.391(4) 
            C(2)-C(3)                     1.424(4) 
            C(3)-C(8)                     1.398(4) 
            C(3)-C(4)                     1.452(4) 
            C(4)-N(2)                     1.346(4) 
            C(4)-N(1)                     1.367(3) 
            C(5)-C(6)                     1.387(4) 
            C(5)-H(5)                     0.9500 
            C(6)-C(7)                     1.397(4) 
            C(6)-H(6)                     0.9500 
            C(7)-C(8)                     1.387(4) 
            C(7)-H(7)                     0.9500 
            C(8)-H(8)                     0.9500 
            C(9)-N(2)                     1.345(4) 
            C(9)-N(3)                     1.363(4) 
            C(9)-C(10)                    1.455(4) 
            C(10)-C(13)                   1.395(4) 
            C(10)-C(11)                   1.419(4) 
            C(11)-C(16)                   1.397(4) 
            C(11)-C(12)                   1.462(4) 
            C(12)-N(4)                    1.345(4) 
            C(12)-N(3)                    1.363(3) 
            C(13)-C(14)                   1.387(4) 
            C(13)-H(13)                   0.9500 
            C(14)-C(15)                   1.395(5) 
            C(14)-H(14)                   0.9500 
            C(15)-C(16)                   1.390(5) 
            C(15)-H(15)                   0.9500 
            C(16)-H(16)                   0.9500 
            C(17)-N(4)                    1.348(4) 
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            C(17)-N(5)                    1.367(3) 
            C(17)-C(18)                   1.454(4) 
            C(18)-C(21)                   1.392(4) 
            C(18)-C(19)                   1.427(4) 
            C(19)-C(24)                   1.392(4) 
            C(19)-C(20)                   1.460(4) 
            C(20)-N(6)                    1.349(3) 
            C(20)-N(5)                    1.361(4) 
            C(21)-C(22)                   1.387(5) 
            C(21)-H(21)                   0.9500 
            C(22)-C(23)                   1.396(5) 
            C(22)-H(22)                   0.9500 
            C(23)-C(24)                   1.388(4) 
            C(23)-H(23)                   0.9500 
            C(24)-H(24)                   0.9500 
            C(25)-O(1)                    1.398(4) 
            C(25)-C(26)                   1.497(4) 
            C(25)-H(25A)                  0.9900 
            C(25)-H(25B)                  0.9900 
            C(26)-C(27)                   1.422(4) 
            C(26)-C(30)                   1.422(4) 
            C(26)-Fe(1)                   2.039(3) 
            C(27)-C(28)                   1.425(4) 
            C(27)-Fe(1)                   2.031(3) 
            C(27)-H(27)                   0.9500 
            C(28)-C(29)                   1.415(5) 
            C(28)-Fe(1)                   2.037(3) 
            C(28)-H(28)                   0.9500 
            C(29)-C(30)                   1.420(4) 
            C(29)-Fe(1)                   2.062(3) 
            C(29)-H(29)                   0.9500 
            C(30)-Fe(1)                   2.058(3) 
            C(30)-H(30)                   0.9500 
            C(31)-C(35)                   1.421(4) 
            C(31)-C(32)                   1.427(5) 
            C(31)-Fe(1)                   2.036(3) 
            C(31)-H(31)                   0.9500 
            C(32)-C(33)                   1.426(4) 
            C(32)-Fe(1)                   2.039(3) 
            C(32)-H(32)                   0.9500 
            C(33)-C(34)                   1.408(4) 
            C(33)-Fe(1)                   2.070(3) 
            C(33)-H(33)                   0.9500 
            C(34)-C(35)                   1.422(4) 
            C(34)-Fe(1)                   2.060(3) 
            C(34)-H(34)                   0.9500 
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            C(35)-Fe(1)                   2.056(3) 
            C(35)-H(35)                   0.9500 
            N(1)-B(1)                     1.504(4) 
            N(3)-B(1)                     1.499(4) 
            N(5)-B(1)                     1.489(4) 
            O(1)-B(1)                     1.430(4) 
  
            N(6)-C(1)-N(1)              122.7(2) 
            N(6)-C(1)-C(2)              129.8(2) 
            N(1)-C(1)-C(2)              105.8(2) 
            C(5)-C(2)-C(3)              120.3(3) 
            C(5)-C(2)-C(1)              132.2(3) 
            C(3)-C(2)-C(1)              107.2(2) 
            C(8)-C(3)-C(2)              121.1(3) 
            C(8)-C(3)-C(4)              131.5(3) 
            C(2)-C(3)-C(4)              107.0(2) 
            N(2)-C(4)-N(1)              123.2(2) 
            N(2)-C(4)-C(3)              129.2(3) 
            N(1)-C(4)-C(3)              105.8(2) 
            C(6)-C(5)-C(2)              118.1(3) 
            C(6)-C(5)-H(5)              121.0 
            C(2)-C(5)-H(5)              121.0 
            C(5)-C(6)-C(7)              121.6(3) 
            C(5)-C(6)-H(6)              119.2 
            C(7)-C(6)-H(6)              119.2 
            C(8)-C(7)-C(6)              121.4(3) 
            C(8)-C(7)-H(7)              119.3 
            C(6)-C(7)-H(7)              119.3 
            C(7)-C(8)-C(3)              117.5(3) 
            C(7)-C(8)-H(8)              121.3 
            C(3)-C(8)-H(8)              121.3 
            N(2)-C(9)-N(3)              122.1(3) 
            N(2)-C(9)-C(10)             131.6(3) 
            N(3)-C(9)-C(10)             105.4(2) 
            C(13)-C(10)-C(11)           121.3(3) 
            C(13)-C(10)-C(9)            131.6(3) 
            C(11)-C(10)-C(9)            107.1(2) 
            C(16)-C(11)-C(10)           120.4(3) 
            C(16)-C(11)-C(12)           132.1(3) 
            C(10)-C(11)-C(12)           107.4(2) 
            N(4)-C(12)-N(3)             122.1(3) 
            N(4)-C(12)-C(11)            132.3(3) 
            N(3)-C(12)-C(11)            104.8(2) 
            C(14)-C(13)-C(10)           117.3(3) 
            C(14)-C(13)-H(13)           121.3 
            C(10)-C(13)-H(13)           121.3 
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            C(13)-C(14)-C(15)           121.5(3) 
            C(13)-C(14)-H(14)           119.3 
            C(15)-C(14)-H(14)           119.3 
            C(16)-C(15)-C(14)           121.8(3) 
            C(16)-C(15)-H(15)           119.1 
            C(14)-C(15)-H(15)           119.1 
            C(15)-C(16)-C(11)           117.5(3) 
            C(15)-C(16)-H(16)           121.2 
            C(11)-C(16)-H(16)           121.2 
            N(4)-C(17)-N(5)             122.6(3) 
            N(4)-C(17)-C(18)            131.2(3) 
            N(5)-C(17)-C(18)            105.2(2) 
            C(21)-C(18)-C(19)           120.5(3) 
            C(21)-C(18)-C(17)           131.9(3) 
            C(19)-C(18)-C(17)           107.5(2) 
            C(24)-C(19)-C(18)           120.6(3) 
            C(24)-C(19)-C(20)           132.7(3) 
            C(18)-C(19)-C(20)           106.6(2) 
            N(6)-C(20)-N(5)             122.0(2) 
            N(6)-C(20)-C(19)            130.7(3) 
            N(5)-C(20)-C(19)            105.6(2) 
            C(22)-C(21)-C(18)           118.0(3) 
            C(22)-C(21)-H(21)           121.0 
            C(18)-C(21)-H(21)           121.0 
            C(21)-C(22)-C(23)           121.5(3) 
            C(21)-C(22)-H(22)           119.3 
            C(23)-C(22)-H(22)           119.3 
            C(24)-C(23)-C(22)           121.4(3) 
            C(24)-C(23)-H(23)           119.3 
            C(22)-C(23)-H(23)           119.3 
            C(23)-C(24)-C(19)           117.9(3) 
            C(23)-C(24)-H(24)           121.0 
            C(19)-C(24)-H(24)           121.0 
            O(1)-C(25)-C(26)            109.2(2) 
            O(1)-C(25)-H(25A)           109.8 
            C(26)-C(25)-H(25A)          109.8 
            O(1)-C(25)-H(25B)           109.8 
            C(26)-C(25)-H(25B)          109.8 
            H(25A)-C(25)-H(25B)         108.3 
            C(27)-C(26)-C(30)           107.9(3) 
            C(27)-C(26)-C(25)           126.5(3) 
            C(30)-C(26)-C(25)           125.6(3) 
            C(27)-C(26)-Fe(1)            69.24(16) 
            C(30)-C(26)-Fe(1)            70.41(16) 
            C(25)-C(26)-Fe(1)           126.0(2) 
            C(26)-C(27)-C(28)           107.7(3) 
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            C(26)-C(27)-Fe(1)            69.85(16) 
            C(28)-C(27)-Fe(1)            69.73(17) 
            C(26)-C(27)-H(27)           126.2 
            C(28)-C(27)-H(27)           126.2 
            Fe(1)-C(27)-H(27)           125.8 
            C(29)-C(28)-C(27)           108.3(3) 
            C(29)-C(28)-Fe(1)            70.76(18) 
            C(27)-C(28)-Fe(1)            69.25(17) 
            C(29)-C(28)-H(28)           125.8 
            C(27)-C(28)-H(28)           125.8 
            Fe(1)-C(28)-H(28)           125.7 
            C(28)-C(29)-C(30)           108.0(3) 
            C(28)-C(29)-Fe(1)            68.87(18) 
            C(30)-C(29)-Fe(1)            69.69(17) 
            C(28)-C(29)-H(29)           126.0 
            C(30)-C(29)-H(29)           126.0 
            Fe(1)-C(29)-H(29)           127.0 
            C(29)-C(30)-C(26)           108.1(3) 
            C(29)-C(30)-Fe(1)            69.98(17) 
            C(26)-C(30)-Fe(1)            68.96(16) 
            C(29)-C(30)-H(30)           125.9 
            C(26)-C(30)-H(30)           125.9 
            Fe(1)-C(30)-H(30)           126.7 
            C(35)-C(31)-C(32)           107.8(3) 
            C(35)-C(31)-Fe(1)            70.46(17) 
            C(32)-C(31)-Fe(1)            69.61(18) 
            C(35)-C(31)-H(31)           126.1 
            C(32)-C(31)-H(31)           126.1 
            Fe(1)-C(31)-H(31)           125.4 
            C(33)-C(32)-C(31)           107.5(3) 
            C(33)-C(32)-Fe(1)            70.87(17) 
            C(31)-C(32)-Fe(1)            69.40(17) 
            C(33)-C(32)-H(32)           126.2 
            C(31)-C(32)-H(32)           126.2 
            Fe(1)-C(32)-H(32)           125.1 
            C(34)-C(33)-C(32)           108.4(3) 
            C(34)-C(33)-Fe(1)            69.70(17) 
            C(32)-C(33)-Fe(1)            68.51(17) 
            C(34)-C(33)-H(33)           125.8 
            C(32)-C(33)-H(33)           125.8 
            Fe(1)-C(33)-H(33)           127.6 
            C(33)-C(34)-C(35)           108.1(3) 
            C(33)-C(34)-Fe(1)            70.43(17) 
            C(35)-C(34)-Fe(1)            69.65(17) 
            C(33)-C(34)-H(34)           126.0 
            C(35)-C(34)-H(34)           126.0 
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            Fe(1)-C(34)-H(34)           125.5 
            C(31)-C(35)-C(34)           108.1(3) 
            C(31)-C(35)-Fe(1)            68.90(17) 
            C(34)-C(35)-Fe(1)            69.94(17) 
            C(31)-C(35)-H(35)           125.9 
            C(34)-C(35)-H(35)           125.9 
            Fe(1)-C(35)-H(35)           126.8 
            C(1)-N(1)-C(4)              113.0(2) 
            C(1)-N(1)-B(1)              122.5(2) 
            C(4)-N(1)-B(1)              122.8(2) 
            C(9)-N(2)-C(4)              116.5(2) 
            C(9)-N(3)-C(12)             113.9(2) 
            C(9)-N(3)-B(1)              123.4(2) 
            C(12)-N(3)-B(1)             122.6(2) 
            C(12)-N(4)-C(17)            116.7(2) 
            C(20)-N(5)-C(17)            113.5(2) 
            C(20)-N(5)-B(1)             123.1(2) 
            C(17)-N(5)-B(1)             122.6(2) 
            C(1)-N(6)-C(20)             117.3(2) 
            C(25)-O(1)-B(1)             117.0(2) 
            C(27)-Fe(1)-C(31)           112.67(13) 
            C(27)-Fe(1)-C(28)            41.02(12) 
            C(31)-Fe(1)-C(28)           146.19(14) 
            C(27)-Fe(1)-C(32)           145.23(12) 
            C(31)-Fe(1)-C(32)            40.99(13) 
            C(28)-Fe(1)-C(32)           172.52(13) 
            C(27)-Fe(1)-C(26)            40.91(11) 
            C(31)-Fe(1)-C(26)           105.79(12) 
            C(28)-Fe(1)-C(26)            68.68(11) 
            C(32)-Fe(1)-C(26)           113.84(12) 
            C(27)-Fe(1)-C(35)           107.14(13) 
            C(31)-Fe(1)-C(35)            40.65(12) 
            C(28)-Fe(1)-C(35)           115.99(13) 
            C(32)-Fe(1)-C(35)            68.38(13) 
            C(26)-Fe(1)-C(35)           129.39(12) 
            C(27)-Fe(1)-C(30)            68.46(12) 
            C(31)-Fe(1)-C(30)           130.21(12) 
            C(28)-Fe(1)-C(30)            68.09(13) 
            C(32)-Fe(1)-C(30)           108.86(13) 
            C(26)-Fe(1)-C(30)            40.63(11) 
            C(35)-Fe(1)-C(30)           168.68(12) 
            C(27)-Fe(1)-C(34)           131.61(13) 
            C(31)-Fe(1)-C(34)            68.38(12) 
            C(28)-Fe(1)-C(34)           110.69(12) 
            C(32)-Fe(1)-C(34)            68.26(12) 
            C(26)-Fe(1)-C(34)           169.17(13) 
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            C(35)-Fe(1)-C(34)            40.41(12) 
            C(30)-Fe(1)-C(34)           149.97(13) 
            C(27)-Fe(1)-C(29)            68.45(13) 
            C(31)-Fe(1)-C(29)           170.17(13) 
            C(28)-Fe(1)-C(29)            40.38(13) 
            C(32)-Fe(1)-C(29)           133.02(13) 
            C(26)-Fe(1)-C(29)            68.29(12) 
            C(35)-Fe(1)-C(29)           149.14(13) 
            C(30)-Fe(1)-C(29)            40.32(12) 
            C(34)-Fe(1)-C(29)           118.74(12) 
            C(27)-Fe(1)-C(33)           171.21(12) 
            C(31)-Fe(1)-C(33)            68.17(13) 
            C(28)-Fe(1)-C(33)           133.99(12) 
            C(32)-Fe(1)-C(33)            40.62(12) 
            C(26)-Fe(1)-C(33)           147.87(12) 
            C(35)-Fe(1)-C(33)            67.44(13) 
            C(30)-Fe(1)-C(33)           118.18(13) 
            C(34)-Fe(1)-C(33)            39.87(12) 
            C(29)-Fe(1)-C(33)           112.33(13) 
            O(1)-B(1)-N(5)              111.1(2) 
            O(1)-B(1)-N(3)              116.0(2) 
            N(5)-B(1)-N(3)              103.1(2) 
            O(1)-B(1)-N(1)              118.1(2) 
            N(5)-B(1)-N(1)              104.3(2) 
            N(3)-B(1)-N(1)              102.7(2) 
           _____________________________________________________________ 
  
           Symmetry transformations used to generate equivalent atoms: 
            
    Table 4.  Anisotropic displacement parameters (A^2 x 10^3) for a0022. 
    The anisotropic displacement factor exponent takes the form: 
    -2 pi^2 [ h^2 a*^2 U11 + ... + 2 h k a* b* U12 ] 
  
    
_______________________________________________________________________ 
  
              U11        U22        U33        U23        U13        U12 
    
_______________________________________________________________________ 
  
    C(1)     20(1)      26(1)      17(1)      -1(1)       8(1)       1(1) 
    C(2)     20(1)      25(1)      18(1)       1(1)       7(1)       2(1) 
    C(3)     23(1)      24(1)      18(1)       1(1)       8(1)       2(1) 
    C(4)     21(1)      26(1)      19(1)       2(1)       8(1)       2(1) 
    C(5)     22(1)      30(1)      17(1)      -1(1)       5(1)       1(1) 
    C(6)     29(1)      36(2)      16(1)      -3(1)       7(1)       1(1) 
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    C(7)     30(1)      35(2)      19(1)       4(1)      12(1)       2(1) 
    C(8)     25(1)      28(1)      21(1)       3(1)       9(1)       3(1) 
    C(9)     25(1)      24(1)      21(1)      -1(1)      12(1)      -0(1) 
    C(10)    24(1)      28(1)      22(1)      -5(1)      12(1)      -0(1) 
    C(11)    22(1)      30(1)      22(1)      -6(1)      12(1)       0(1) 
    C(12)    21(1)      30(1)      17(1)      -3(1)       9(1)      -0(1) 
    C(13)    29(1)      29(1)      29(1)      -4(1)      18(1)      -3(1) 
    C(14)    29(2)      32(2)      40(2)      -9(1)      21(1)      -6(1) 
    C(15)    21(1)      40(2)      33(2)     -12(1)      13(1)      -5(1) 
    C(16)    24(1)      37(2)      24(1)      -7(1)      12(1)      -0(1) 
    C(17)    22(1)      30(1)      15(1)       1(1)       8(1)       3(1) 
    C(18)    25(1)      27(1)      19(1)       1(1)      13(1)       2(1) 
    C(19)    25(1)      26(1)      20(1)       4(1)      13(1)       4(1) 
    C(20)    23(1)      25(1)      18(1)      -0(1)      12(1)      -1(1) 
    C(21)    27(1)      37(2)      19(1)       4(1)      10(1)       7(1) 
    C(22)    38(2)      34(2)      28(2)      11(1)      15(1)      17(1) 
    C(23)    41(2)      29(2)      30(2)       5(1)      19(1)       9(1) 
    C(24)    32(1)      26(1)      23(1)       1(1)      15(1)       2(1) 
    C(25)    29(1)      31(2)      20(1)      -1(1)      11(1)       2(1) 
    C(26)    23(1)      26(1)      18(1)       0(1)       7(1)       2(1) 
    C(27)    28(1)      27(1)      23(1)       1(1)      10(1)       5(1) 
    C(28)    34(2)      34(2)      22(1)      -1(1)      11(1)       9(1) 
    C(29)    24(1)      45(2)      20(1)       2(1)      10(1)       4(1) 
    C(30)    23(1)      34(2)      20(1)      -1(1)       6(1)       0(1) 
    C(31)    23(1)      41(2)      23(1)      -2(1)       7(1)       3(1) 
    C(32)    32(2)      25(1)      25(1)      -2(1)       8(1)       3(1) 
    C(33)    32(2)      29(2)      21(1)       5(1)       9(1)       4(1) 
    C(34)    28(1)      36(2)      19(1)      -4(1)       5(1)       1(1) 
    C(35)    26(1)      31(2)      28(2)      -2(1)       7(1)      -2(1) 
    N(1)     22(1)      22(1)      17(1)       1(1)       8(1)       0(1) 
    N(2)     27(1)      23(1)      20(1)      -1(1)      11(1)       0(1) 
    N(3)     22(1)      25(1)      16(1)      -0(1)       8(1)       1(1) 
    N(4)     23(1)      31(1)      16(1)      -1(1)       8(1)       1(1) 
    N(5)     23(1)      23(1)      15(1)      -1(1)       9(1)      -0(1) 
    N(6)     22(1)      23(1)      18(1)       0(1)       9(1)      -0(1) 
    O(1)     33(1)      26(1)      17(1)      -1(1)      12(1)      -6(1) 
    Fe(1)    24(1)      27(1)      17(1)      -0(1)       8(1)       1(1) 
    B(1)     22(1)      24(1)      16(1)       1(1)       9(1)       1(1) 
    
_______________________________________________________________________ 
  
         Table 5.  Hydrogen coordinates ( x 10^4) and isotropic 
         displacement parameters (A^2 x 10^3) for a0022. 
  




                         x             y             z           U(eq) 
         ________________________________________________________________ 
  
          H(5)         5366          -804          2074          29 
          H(6)         5330             0           862          33 
          H(7)         5563          1970           788          33 
          H(8)         5888          3185          1946          30 
          H(13)        7215          5268          4492          32 
          H(14)        7973          5947          5554          37 
          H(15)        8352          4886          6759          37 
          H(16)        7998          3088          6951          33 
          H(21)        7441         -1393          7035          33 
          H(22)        7335         -3469          6932          39 
          H(23)        6669         -4339          5828          38 
          H(24)        6097         -3167          4764          31 
          H(25A)       5310          3267          4474          31 
          H(25B)       5868          3743          5079          31 
          H(27)        5519          5459          5790          32 
          H(28)        5089          5390          6765          36 
          H(29)        4800          3268          6813          36 
          H(30)        5059          2008          5882          32 
          H(31)        6654          3531          6692          36 
          H(32)        6323          1623          7076          34 
          H(33)        6030          2150          8180          34 
          H(34)        6136          4371          8427          35 
          H(35)        6548          5220          7543          36 
         ________________________________________________________________ 
  
         Table 6.  Torsion angles [deg] for a0022. 
         ________________________________________________________________ 
  
          N(6)-C(1)-C(2)-C(5)                                  13.5(5) 
          N(1)-C(1)-C(2)-C(5)                                 178.7(3) 
          N(6)-C(1)-C(2)-C(3)                                -159.4(3) 
          N(1)-C(1)-C(2)-C(3)                                   5.8(3) 
          C(5)-C(2)-C(3)-C(8)                                   0.5(4) 
          C(1)-C(2)-C(3)-C(8)                                 174.5(2) 
          C(5)-C(2)-C(3)-C(4)                                -173.4(2) 
          C(1)-C(2)-C(3)-C(4)                                   0.6(3) 
          C(8)-C(3)-C(4)-N(2)                                 -15.3(5) 
          C(2)-C(3)-C(4)-N(2)                                 157.7(3) 
          C(8)-C(3)-C(4)-N(1)                                -179.8(3) 
          C(2)-C(3)-C(4)-N(1)                                  -6.7(3) 
          C(3)-C(2)-C(5)-C(6)                                  -1.0(4) 
          C(1)-C(2)-C(5)-C(6)                                -173.2(3) 
          C(2)-C(5)-C(6)-C(7)                                  -0.2(4) 
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          C(5)-C(6)-C(7)-C(8)                                   1.8(5) 
          C(6)-C(7)-C(8)-C(3)                                  -2.2(4) 
          C(2)-C(3)-C(8)-C(7)                                   1.0(4) 
          C(4)-C(3)-C(8)-C(7)                                 173.2(3) 
          N(2)-C(9)-C(10)-C(13)                                18.5(5) 
          N(3)-C(9)-C(10)-C(13)                              -172.8(3) 
          N(2)-C(9)-C(10)-C(11)                              -161.8(3) 
          N(3)-C(9)-C(10)-C(11)                                 6.9(3) 
          C(13)-C(10)-C(11)-C(16)                               0.6(4) 
          C(9)-C(10)-C(11)-C(16)                             -179.2(3) 
          C(13)-C(10)-C(11)-C(12)                             179.9(3) 
          C(9)-C(10)-C(11)-C(12)                                0.1(3) 
          C(16)-C(11)-C(12)-N(4)                              -18.7(5) 
          C(10)-C(11)-C(12)-N(4)                              162.1(3) 
          C(16)-C(11)-C(12)-N(3)                              172.1(3) 
          C(10)-C(11)-C(12)-N(3)                               -7.1(3) 
          C(11)-C(10)-C(13)-C(14)                              -3.5(4) 
          C(9)-C(10)-C(13)-C(14)                              176.2(3) 
          C(10)-C(13)-C(14)-C(15)                               3.0(4) 
          C(13)-C(14)-C(15)-C(16)                               0.5(5) 
          C(14)-C(15)-C(16)-C(11)                              -3.4(4) 
          C(10)-C(11)-C(16)-C(15)                               2.9(4) 
          C(12)-C(11)-C(16)-C(15)                            -176.2(3) 
          N(4)-C(17)-C(18)-C(21)                               15.3(5) 
          N(5)-C(17)-C(18)-C(21)                             -176.5(3) 
          N(4)-C(17)-C(18)-C(19)                             -161.7(3) 
          N(5)-C(17)-C(18)-C(19)                                6.5(3) 
          C(21)-C(18)-C(19)-C(24)                               1.0(4) 
          C(17)-C(18)-C(19)-C(24)                             178.4(2) 
          C(21)-C(18)-C(19)-C(20)                            -176.7(2) 
          C(17)-C(18)-C(19)-C(20)                               0.7(3) 
          C(24)-C(19)-C(20)-N(6)                              -19.5(5) 
          C(18)-C(19)-C(20)-N(6)                              157.8(3) 
          C(24)-C(19)-C(20)-N(5)                              175.0(3) 
          C(18)-C(19)-C(20)-N(5)                               -7.7(3) 
          C(19)-C(18)-C(21)-C(22)                              -3.0(4) 
          C(17)-C(18)-C(21)-C(22)                            -179.6(3) 
          C(18)-C(21)-C(22)-C(23)                               2.0(5) 
          C(21)-C(22)-C(23)-C(24)                               1.1(5) 
          C(22)-C(23)-C(24)-C(19)                              -3.0(4) 
          C(18)-C(19)-C(24)-C(23)                               2.0(4) 
          C(20)-C(19)-C(24)-C(23)                             179.0(3) 
          O(1)-C(25)-C(26)-C(27)                              148.1(3) 
          O(1)-C(25)-C(26)-C(30)                              -32.1(4) 
          O(1)-C(25)-C(26)-Fe(1)                               58.5(3) 
          C(30)-C(26)-C(27)-C(28)                               0.3(3) 
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          C(25)-C(26)-C(27)-C(28)                            -179.8(3) 
          Fe(1)-C(26)-C(27)-C(28)                             -59.7(2) 
          C(30)-C(26)-C(27)-Fe(1)                              60.0(2) 
          C(25)-C(26)-C(27)-Fe(1)                            -120.1(3) 
          C(26)-C(27)-C(28)-C(29)                              -0.4(3) 
          Fe(1)-C(27)-C(28)-C(29)                             -60.2(2) 
          C(26)-C(27)-C(28)-Fe(1)                              59.8(2) 
          C(27)-C(28)-C(29)-C(30)                               0.4(3) 
          Fe(1)-C(28)-C(29)-C(30)                             -58.9(2) 
          C(27)-C(28)-C(29)-Fe(1)                              59.3(2) 
          C(28)-C(29)-C(30)-C(26)                              -0.2(3) 
          Fe(1)-C(29)-C(30)-C(26)                             -58.56(19) 
          C(28)-C(29)-C(30)-Fe(1)                              58.4(2) 
          C(27)-C(26)-C(30)-C(29)                              -0.1(3) 
          C(25)-C(26)-C(30)-C(29)                            -180.0(3) 
          Fe(1)-C(26)-C(30)-C(29)                              59.2(2) 
          C(27)-C(26)-C(30)-Fe(1)                             -59.3(2) 
          C(25)-C(26)-C(30)-Fe(1)                             120.8(3) 
          C(35)-C(31)-C(32)-C(33)                              -0.5(3) 
          Fe(1)-C(31)-C(32)-C(33)                             -60.9(2) 
          C(35)-C(31)-C(32)-Fe(1)                              60.4(2) 
          C(31)-C(32)-C(33)-C(34)                               1.6(3) 
          Fe(1)-C(32)-C(33)-C(34)                             -58.4(2) 
          C(31)-C(32)-C(33)-Fe(1)                              60.0(2) 
          C(32)-C(33)-C(34)-C(35)                              -2.1(3) 
          Fe(1)-C(33)-C(34)-C(35)                             -59.7(2) 
          C(32)-C(33)-C(34)-Fe(1)                              57.6(2) 
          C(32)-C(31)-C(35)-C(34)                              -0.7(3) 
          Fe(1)-C(31)-C(35)-C(34)                              59.1(2) 
          C(32)-C(31)-C(35)-Fe(1)                             -59.9(2) 
          C(33)-C(34)-C(35)-C(31)                               1.7(3) 
          Fe(1)-C(34)-C(35)-C(31)                             -58.5(2) 
          C(33)-C(34)-C(35)-Fe(1)                              60.2(2) 
          N(6)-C(1)-N(1)-C(4)                                 155.8(3) 
          C(2)-C(1)-N(1)-C(4)                                 -10.7(3) 
          N(6)-C(1)-N(1)-B(1)                                  -9.7(4) 
          C(2)-C(1)-N(1)-B(1)                                -176.2(2) 
          N(2)-C(4)-N(1)-C(1)                                -154.6(3) 
          C(3)-C(4)-N(1)-C(1)                                  11.1(3) 
          N(2)-C(4)-N(1)-B(1)                                  10.9(4) 
          C(3)-C(4)-N(1)-B(1)                                 176.5(2) 
          N(3)-C(9)-N(2)-C(4)                                  -6.6(4) 
          C(10)-C(9)-N(2)-C(4)                                160.5(3) 
          N(1)-C(4)-N(2)-C(9)                                  10.1(4) 
          C(3)-C(4)-N(2)-C(9)                                -152.0(3) 
          N(2)-C(9)-N(3)-C(12)                                157.7(3) 
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          C(10)-C(9)-N(3)-C(12)                               -12.3(3) 
          N(2)-C(9)-N(3)-B(1)                                 -18.2(4) 
          C(10)-C(9)-N(3)-B(1)                                171.7(2) 
          N(4)-C(12)-N(3)-C(9)                               -158.3(3) 
          C(11)-C(12)-N(3)-C(9)                                12.3(3) 
          N(4)-C(12)-N(3)-B(1)                                 17.7(4) 
          C(11)-C(12)-N(3)-B(1)                              -171.7(2) 
          N(3)-C(12)-N(4)-C(17)                                 7.4(4) 
          C(11)-C(12)-N(4)-C(17)                             -160.2(3) 
          N(5)-C(17)-N(4)-C(12)                                -9.8(4) 
          C(18)-C(17)-N(4)-C(12)                              156.7(3) 
          N(6)-C(20)-N(5)-C(17)                              -154.4(2) 
          C(19)-C(20)-N(5)-C(17)                               12.7(3) 
          N(6)-C(20)-N(5)-B(1)                                 15.7(4) 
          C(19)-C(20)-N(5)-B(1)                              -177.2(2) 
          N(4)-C(17)-N(5)-C(20)                               157.2(2) 
          C(18)-C(17)-N(5)-C(20)                              -12.3(3) 
          N(4)-C(17)-N(5)-B(1)                                -12.9(4) 
          C(18)-C(17)-N(5)-B(1)                               177.6(2) 
          N(1)-C(1)-N(6)-C(20)                                -10.2(4) 
          C(2)-C(1)-N(6)-C(20)                                152.8(3) 
          N(5)-C(20)-N(6)-C(1)                                  7.4(4) 
          C(19)-C(20)-N(6)-C(1)                              -156.1(3) 
          C(26)-C(25)-O(1)-B(1)                              -160.9(2) 
          C(26)-C(27)-Fe(1)-C(31)                              88.18(19) 
          C(28)-C(27)-Fe(1)-C(31)                            -153.10(19) 
          C(26)-C(27)-Fe(1)-C(28)                            -118.7(3) 
          C(26)-C(27)-Fe(1)-C(32)                              54.6(3) 
          C(28)-C(27)-Fe(1)-C(32)                             173.3(2) 
          C(28)-C(27)-Fe(1)-C(26)                             118.7(3) 
          C(26)-C(27)-Fe(1)-C(35)                             131.16(18) 
          C(28)-C(27)-Fe(1)-C(35)                            -110.1(2) 
          C(26)-C(27)-Fe(1)-C(30)                             -37.78(17) 
          C(28)-C(27)-Fe(1)-C(30)                              80.9(2) 
          C(26)-C(27)-Fe(1)-C(34)                             168.80(18) 
          C(28)-C(27)-Fe(1)-C(34)                             -72.5(2) 
          C(26)-C(27)-Fe(1)-C(29)                             -81.28(19) 
          C(28)-C(27)-Fe(1)-C(29)                              37.44(19) 
          C(26)-C(27)-Fe(1)-C(33)                            -178(22) 
          C(28)-C(27)-Fe(1)-C(33)                             -59.4(9) 
          C(35)-C(31)-Fe(1)-C(27)                              90.2(2) 
          C(32)-C(31)-Fe(1)-C(27)                            -151.23(17) 
          C(35)-C(31)-Fe(1)-C(28)                              58.0(3) 
          C(32)-C(31)-Fe(1)-C(28)                             176.5(2) 
          C(35)-C(31)-Fe(1)-C(32)                            -118.6(3) 
          C(35)-C(31)-Fe(1)-C(26)                             133.08(19) 
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          C(32)-C(31)-Fe(1)-C(26)                            -108.36(18) 
          C(32)-C(31)-Fe(1)-C(35)                             118.6(3) 
          C(35)-C(31)-Fe(1)-C(30)                             170.55(18) 
          C(32)-C(31)-Fe(1)-C(30)                             -70.9(2) 
          C(35)-C(31)-Fe(1)-C(34)                             -37.27(19) 
          C(32)-C(31)-Fe(1)-C(34)                              81.29(19) 
          C(35)-C(31)-Fe(1)-C(29)                            -175.2(7) 
          C(32)-C(31)-Fe(1)-C(29)                             -56.7(8) 
          C(35)-C(31)-Fe(1)-C(33)                             -80.3(2) 
          C(32)-C(31)-Fe(1)-C(33)                              38.23(17) 
          C(29)-C(28)-Fe(1)-C(27)                             119.2(3) 
          C(29)-C(28)-Fe(1)-C(31)                             167.8(2) 
          C(27)-C(28)-Fe(1)-C(31)                              48.6(3) 
          C(29)-C(28)-Fe(1)-C(32)                             -30.0(10) 
          C(27)-C(28)-Fe(1)-C(32)                            -149.2(9) 
          C(29)-C(28)-Fe(1)-C(26)                              81.14(18) 
          C(27)-C(28)-Fe(1)-C(26)                             -38.07(18) 
          C(29)-C(28)-Fe(1)-C(35)                            -154.28(17) 
          C(27)-C(28)-Fe(1)-C(35)                              86.5(2) 
          C(29)-C(28)-Fe(1)-C(30)                              37.29(17) 
          C(27)-C(28)-Fe(1)-C(30)                             -81.92(19) 
          C(29)-C(28)-Fe(1)-C(34)                            -110.44(19) 
          C(27)-C(28)-Fe(1)-C(34)                             130.35(19) 
          C(27)-C(28)-Fe(1)-C(29)                            -119.2(3) 
          C(29)-C(28)-Fe(1)-C(33)                             -71.3(2) 
          C(27)-C(28)-Fe(1)-C(33)                             169.47(18) 
          C(33)-C(32)-Fe(1)-C(27)                             169.2(2) 
          C(31)-C(32)-Fe(1)-C(27)                              51.2(3) 
          C(33)-C(32)-Fe(1)-C(31)                             118.1(3) 
          C(33)-C(32)-Fe(1)-C(28)                             -46.9(10) 
          C(31)-C(32)-Fe(1)-C(28)                            -165.0(9) 
          C(33)-C(32)-Fe(1)-C(26)                            -155.07(18) 
          C(31)-C(32)-Fe(1)-C(26)                              86.85(19) 
          C(33)-C(32)-Fe(1)-C(35)                              80.1(2) 
          C(31)-C(32)-Fe(1)-C(35)                             -37.98(18) 
          C(33)-C(32)-Fe(1)-C(30)                            -111.60(19) 
          C(31)-C(32)-Fe(1)-C(30)                             130.31(18) 
          C(33)-C(32)-Fe(1)-C(34)                              36.47(18) 
          C(31)-C(32)-Fe(1)-C(34)                             -81.62(19) 
          C(33)-C(32)-Fe(1)-C(29)                             -73.2(2) 
          C(31)-C(32)-Fe(1)-C(29)                             168.75(17) 
          C(31)-C(32)-Fe(1)-C(33)                            -118.1(3) 
          C(30)-C(26)-Fe(1)-C(27)                            -118.9(2) 
          C(25)-C(26)-Fe(1)-C(27)                             120.7(3) 
          C(27)-C(26)-Fe(1)-C(31)                            -106.58(19) 
          C(30)-C(26)-Fe(1)-C(31)                             134.48(18) 
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          C(25)-C(26)-Fe(1)-C(31)                              14.1(3) 
          C(27)-C(26)-Fe(1)-C(28)                              38.16(18) 
          C(30)-C(26)-Fe(1)-C(28)                             -80.78(19) 
          C(25)-C(26)-Fe(1)-C(28)                             158.9(3) 
          C(27)-C(26)-Fe(1)-C(32)                            -149.47(18) 
          C(30)-C(26)-Fe(1)-C(32)                              91.6(2) 
          C(25)-C(26)-Fe(1)-C(32)                             -28.8(3) 
          C(27)-C(26)-Fe(1)-C(35)                             -68.6(2) 
          C(30)-C(26)-Fe(1)-C(35)                             172.47(18) 
          C(25)-C(26)-Fe(1)-C(35)                              52.1(3) 
          C(27)-C(26)-Fe(1)-C(30)                             118.9(2) 
          C(25)-C(26)-Fe(1)-C(30)                            -120.3(3) 
          C(27)-C(26)-Fe(1)-C(34)                             -50.6(7) 
          C(30)-C(26)-Fe(1)-C(34)                            -169.5(6) 
          C(25)-C(26)-Fe(1)-C(34)                              70.1(7) 
          C(27)-C(26)-Fe(1)-C(29)                              81.71(19) 
          C(30)-C(26)-Fe(1)-C(29)                             -37.23(18) 
          C(25)-C(26)-Fe(1)-C(29)                            -157.6(3) 
          C(27)-C(26)-Fe(1)-C(33)                             179.5(2) 
          C(30)-C(26)-Fe(1)-C(33)                              60.5(3) 
          C(25)-C(26)-Fe(1)-C(33)                             -59.8(4) 
          C(31)-C(35)-Fe(1)-C(27)                            -105.1(2) 
          C(34)-C(35)-Fe(1)-C(27)                             135.21(19) 
          C(34)-C(35)-Fe(1)-C(31)                            -119.7(3) 
          C(31)-C(35)-Fe(1)-C(28)                            -148.35(19) 
          C(34)-C(35)-Fe(1)-C(28)                              91.9(2) 
          C(31)-C(35)-Fe(1)-C(32)                              38.30(19) 
          C(34)-C(35)-Fe(1)-C(32)                             -81.4(2) 
          C(31)-C(35)-Fe(1)-C(26)                             -65.4(2) 
          C(34)-C(35)-Fe(1)-C(26)                             174.86(18) 
          C(31)-C(35)-Fe(1)-C(30)                             -39.7(7) 
          C(34)-C(35)-Fe(1)-C(30)                            -159.4(6) 
          C(31)-C(35)-Fe(1)-C(34)                             119.7(3) 
          C(31)-C(35)-Fe(1)-C(29)                             178.4(2) 
          C(34)-C(35)-Fe(1)-C(29)                              58.7(3) 
          C(31)-C(35)-Fe(1)-C(33)                              82.3(2) 
          C(34)-C(35)-Fe(1)-C(33)                             -37.43(18) 
          C(29)-C(30)-Fe(1)-C(27)                             -81.7(2) 
          C(26)-C(30)-Fe(1)-C(27)                              38.03(17) 
          C(29)-C(30)-Fe(1)-C(31)                             176.29(19) 
          C(26)-C(30)-Fe(1)-C(31)                             -64.0(2) 
          C(29)-C(30)-Fe(1)-C(28)                             -37.34(19) 
          C(26)-C(30)-Fe(1)-C(28)                              82.35(19) 
          C(29)-C(30)-Fe(1)-C(32)                             135.37(19) 
          C(26)-C(30)-Fe(1)-C(32)                            -104.94(18) 
          C(29)-C(30)-Fe(1)-C(26)                            -119.7(3) 
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          C(29)-C(30)-Fe(1)-C(35)                            -150.7(6) 
          C(26)-C(30)-Fe(1)-C(35)                             -31.0(7) 
          C(29)-C(30)-Fe(1)-C(34)                              56.4(3) 
          C(26)-C(30)-Fe(1)-C(34)                             176.1(2) 
          C(26)-C(30)-Fe(1)-C(29)                             119.7(3) 
          C(29)-C(30)-Fe(1)-C(33)                              92.0(2) 
          C(26)-C(30)-Fe(1)-C(33)                            -148.31(17) 
          C(33)-C(34)-Fe(1)-C(27)                             176.91(18) 
          C(35)-C(34)-Fe(1)-C(27)                             -64.2(2) 
          C(33)-C(34)-Fe(1)-C(31)                             -81.4(2) 
          C(35)-C(34)-Fe(1)-C(31)                              37.48(19) 
          C(33)-C(34)-Fe(1)-C(28)                             134.92(19) 
          C(35)-C(34)-Fe(1)-C(28)                            -106.2(2) 
          C(33)-C(34)-Fe(1)-C(32)                             -37.13(19) 
          C(35)-C(34)-Fe(1)-C(32)                              81.7(2) 
          C(33)-C(34)-Fe(1)-C(26)                            -140.5(6) 
          C(35)-C(34)-Fe(1)-C(26)                             -21.6(7) 
          C(33)-C(34)-Fe(1)-C(35)                            -118.9(3) 
          C(33)-C(34)-Fe(1)-C(30)                              53.2(3) 
          C(35)-C(34)-Fe(1)-C(30)                             172.1(2) 
          C(33)-C(34)-Fe(1)-C(29)                              91.1(2) 
          C(35)-C(34)-Fe(1)-C(29)                            -150.01(19) 
          C(35)-C(34)-Fe(1)-C(33)                             118.9(3) 
          C(28)-C(29)-Fe(1)-C(27)                             -38.02(17) 
          C(30)-C(29)-Fe(1)-C(27)                              81.68(19) 
          C(28)-C(29)-Fe(1)-C(31)                            -136.5(7) 
          C(30)-C(29)-Fe(1)-C(31)                             -16.8(8) 
          C(30)-C(29)-Fe(1)-C(28)                             119.7(3) 
          C(28)-C(29)-Fe(1)-C(32)                             174.90(18) 
          C(30)-C(29)-Fe(1)-C(32)                             -65.4(2) 
          C(28)-C(29)-Fe(1)-C(26)                             -82.19(18) 
          C(30)-C(29)-Fe(1)-C(26)                              37.51(18) 
          C(28)-C(29)-Fe(1)-C(35)                              49.5(3) 
          C(30)-C(29)-Fe(1)-C(35)                             169.2(2) 
          C(28)-C(29)-Fe(1)-C(30)                            -119.7(3) 
          C(28)-C(29)-Fe(1)-C(34)                              88.7(2) 
          C(30)-C(29)-Fe(1)-C(34)                            -151.61(18) 
          C(28)-C(29)-Fe(1)-C(33)                             132.54(18) 
          C(30)-C(29)-Fe(1)-C(33)                            -107.76(19) 
          C(34)-C(33)-Fe(1)-C(27)                             -15.3(9) 
          C(32)-C(33)-Fe(1)-C(27)                            -135.8(8) 
          C(34)-C(33)-Fe(1)-C(31)                              82.0(2) 
          C(32)-C(33)-Fe(1)-C(31)                             -38.56(18) 
          C(34)-C(33)-Fe(1)-C(28)                             -67.0(3) 
          C(32)-C(33)-Fe(1)-C(28)                             172.41(19) 
          C(34)-C(33)-Fe(1)-C(32)                             120.5(3) 
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          C(34)-C(33)-Fe(1)-C(26)                             167.0(2) 
          C(32)-C(33)-Fe(1)-C(26)                              46.5(3) 
          C(34)-C(33)-Fe(1)-C(35)                              37.93(19) 
          C(32)-C(33)-Fe(1)-C(35)                             -82.6(2) 
          C(34)-C(33)-Fe(1)-C(30)                            -152.97(18) 
          C(32)-C(33)-Fe(1)-C(30)                              86.5(2) 
          C(32)-C(33)-Fe(1)-C(34)                            -120.5(3) 
          C(34)-C(33)-Fe(1)-C(29)                            -108.6(2) 
          C(32)-C(33)-Fe(1)-C(29)                             130.84(19) 
          C(25)-O(1)-B(1)-N(5)                                173.0(2) 
          C(25)-O(1)-B(1)-N(3)                                 55.8(3) 
          C(25)-O(1)-B(1)-N(1)                                -66.7(3) 
          C(20)-N(5)-B(1)-O(1)                                 97.7(3) 
          C(17)-N(5)-B(1)-O(1)                                -93.1(3) 
          C(20)-N(5)-B(1)-N(3)                               -137.4(2) 
          C(17)-N(5)-B(1)-N(3)                                 31.8(3) 
          C(20)-N(5)-B(1)-N(1)                                -30.5(3) 
          C(17)-N(5)-B(1)-N(1)                                138.7(2) 
          C(9)-N(3)-B(1)-O(1)                                 -97.1(3) 
          C(12)-N(3)-B(1)-O(1)                                 87.3(3) 
          C(9)-N(3)-B(1)-N(5)                                 141.4(2) 
          C(12)-N(3)-B(1)-N(5)                                -34.3(3) 
          C(9)-N(3)-B(1)-N(1)                                  33.2(3) 
          C(12)-N(3)-B(1)-N(1)                               -142.4(2) 
          C(1)-N(1)-B(1)-O(1)                                 -96.3(3) 
          C(4)-N(1)-B(1)-O(1)                                  99.6(3) 
          C(1)-N(1)-B(1)-N(5)                                  27.4(3) 
          C(4)-N(1)-B(1)-N(5)                                -136.7(2) 
          C(1)-N(1)-B(1)-N(3)                                 134.7(2) 
          C(4)-N(1)-B(1)-N(3)                                 -29.4(3) 
         ________________________________________________________________ 
  
         Symmetry transformations used to generate equivalent atoms: 
          
  













CIF Information for Compound 3 
      Table 1.  Crystal data and structure refinement for a0005. 
  
  
      Identification code               a0005 
  
      Empirical formula                 C35 H21 B Fe N6 O2 
  
      Formula weight                    624.24 
  
      Temperature                       123(2) K 
  
      Wavelength                        1.54187 A 
  
      Crystal system, space group       Monoclinic,  P21/c 
  
      Unit cell dimensions              a = 17.2645(8) A   alpha = 90 deg. 
                                        b = 7.7863(2) A    beta = 95.019(7) deg. 
                                        c = 20.6276(14) A   gamma = 90 deg. 
  
      Volume                            2762.3(2) A^3 
  
      Z, Calculated density             4,  1.501 Mg/m^3 
  
      Absorption coefficient            4.757 mm^-1 
  
      F(000)                            1280 
  
      Crystal size                      0.22 x 0.20 x 0.18 mm 
  
      Theta range for data collection   6.53 to 68.41 deg. 
  
      Limiting indices                  -20<=h<=20, -9<=k<=9, -17<=l<=24 
  
      Reflections collected / unique    29594 / 5040 [R(int) = 0.0647] 
  
      Completeness to theta = 68.41     99.1 % 
  
      Absorption correction             Semi-empirical from equivalents 
  
      Max. and min. transmission        0.4814 and 0.4209 
  
      Refinement method                 Full-matrix least-squares on F^2 
  




      Goodness-of-fit on F^2            1.092 
  
      Final R indices [I>2sigma(I)]     R1 = 0.0657, wR2 = 0.1817 
  
      R indices (all data)              R1 = 0.0815, wR2 = 0.2060 
  
      Largest diff. peak and hole       0.618 and -0.971 e.A^-3 
  
         Table 2.  Atomic coordinates ( x 10^4) and equivalent isotropic 
         displacement parameters (A^2 x 10^3) for a0005. 
         U(eq) is defined as one third of the trace of the orthogonalized 
         Uij tensor. 
  
         ________________________________________________________________ 
  
                         x             y             z           U(eq) 
         ________________________________________________________________ 
  
          Fe(1)        5097(1)       1443(1)       1278(1)       46(1) 
          O(1)         6890(1)        506(3)        444(1)       43(1) 
          O(2)         7240(2)       1668(3)       1422(1)       50(1) 
          N(1)         8302(2)        601(4)        258(2)       40(1) 
          N(2)         8977(2)        367(4)       1309(2)       43(1) 
          N(3)         7905(2)      -1471(3)       1001(2)       38(1) 
          N(4)         7408(2)      -4139(4)        580(2)       43(1) 
          N(5)         7510(2)      -1733(4)       -114(2)       39(1) 
          N(6)         8152(2)        -66(4)       -873(2)       42(1) 
          C(1)         8484(2)        840(5)       -364(2)       42(1) 
          C(2)         9203(2)       1829(5)       -318(2)       43(1) 
          C(3)         9464(2)       1934(5)        351(2)       43(1) 
          C(4)         8900(2)       1048(4)        709(2)       41(1) 
          C(5)         9654(2)       2483(5)       -788(2)       48(1) 
          C(6)        10351(2)       3277(5)       -572(2)       52(1) 
          C(7)        10606(2)       3354(5)         82(2)       50(1) 
          C(8)        10180(2)       2680(5)        551(2)       49(1) 
          C(9)         8512(2)       -945(5)       1430(2)       41(1) 
          C(10)        8650(2)      -2333(5)       1899(2)       42(1) 
          C(11)        8160(2)      -3711(5)       1675(2)       43(1) 
          C(12)        7731(2)      -3174(5)       1071(2)       44(1) 
          C(13)        9207(2)      -2558(5)       2416(2)       45(1) 
          C(14)        9251(2)      -4128(5)       2730(2)       54(1) 
          C(15)        8757(2)      -5467(5)       2518(2)       56(1) 
          C(16)        8211(2)      -5298(5)       1993(2)       53(1) 
          C(17)        7342(2)      -3426(4)        -12(2)       40(1) 
          C(18)        7288(2)      -4219(5)       -653(2)       43(1) 
          C(19)        7515(2)      -2967(5)      -1103(2)       42(1) 
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          C(20)        7709(2)      -1406(4)       -726(2)       40(1) 
          C(21)        7128(2)      -5897(5)       -860(2)       47(1) 
          C(22)        7182(2)      -6288(5)      -1505(2)       49(1) 
          C(23)        7398(2)      -5055(5)      -1955(2)       50(1) 
          C(24)        7570(2)      -3379(5)      -1749(2)       46(1) 
          C(25)        6774(2)       1527(4)        946(2)       42(1) 
          C(26)        6017(2)       2406(4)        862(2)       41(1) 
          C(27)        5409(2)       2021(5)        371(2)       45(1) 
          C(28)        4753(2)       3041(5)        502(2)       52(1) 
          C(29)        4951(3)       3994(6)       1068(2)       57(1) 
          C(30)        5739(2)       3635(4)       1301(2)       48(1) 
          C(31)        4985(3)      -1155(5)       1362(2)       59(1) 
          C(32)        4254(3)       -338(6)       1383(3)       65(1) 
          C(33)        4316(3)        781(7)       1923(3)       70(1) 
          C(34)        5080(3)        696(6)       2225(2)       67(1) 
          C(35)        5485(3)       -504(5)       1873(2)       57(1) 
          B(1)         7618(2)       -453(5)        417(2)       42(1) 
         ________________________________________________________________ 
  
           Table 3.  Bond lengths [A] and angles [deg] for a0005. 
           _____________________________________________________________ 
  
            Fe(1)-C(26)                   2.016(4) 
            Fe(1)-C(35)                   2.028(4) 
            Fe(1)-C(30)                   2.034(4) 
            Fe(1)-C(32)                   2.035(4) 
            Fe(1)-C(27)                   2.040(4) 
            Fe(1)-C(31)                   2.040(4) 
            Fe(1)-C(33)                   2.041(5) 
            Fe(1)-C(34)                   2.042(5) 
            Fe(1)-C(29)                   2.043(4) 
            Fe(1)-C(28)                   2.071(4) 
            O(1)-C(25)                    1.334(4) 
            O(1)-B(1)                     1.467(4) 
            O(2)-C(25)                    1.218(4) 
            N(1)-C(1)                     1.359(5) 
            N(1)-C(4)                     1.374(4) 
            N(1)-B(1)                     1.498(5) 
            N(2)-C(9)                     1.336(5) 
            N(2)-C(4)                     1.342(5) 
            N(3)-C(12)                    1.370(4) 
            N(3)-C(9)                     1.373(4) 
            N(3)-B(1)                     1.490(5) 
            N(4)-C(17)                    1.337(5) 
            N(4)-C(12)                    1.343(5) 
            N(5)-C(20)                    1.362(5) 
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            N(5)-C(17)                    1.369(4) 
            N(5)-B(1)                     1.480(5) 
            N(6)-C(20)                    1.343(4) 
            N(6)-C(1)                     1.350(5) 
            C(1)-C(2)                     1.457(5) 
            C(2)-C(5)                     1.392(5) 
            C(2)-C(3)                     1.416(5) 
            C(3)-C(8)                     1.396(5) 
            C(3)-C(4)                     1.446(5) 
            C(5)-C(6)                     1.391(5) 
            C(5)-H(5)                     0.9500 
            C(6)-C(7)                     1.384(6) 
            C(6)-H(6)                     0.9500 
            C(7)-C(8)                     1.370(5) 
            C(7)-H(7)                     0.9500 
            C(8)-H(8)                     0.9500 
            C(9)-C(10)                    1.456(5) 
            C(10)-C(13)                   1.385(5) 
            C(10)-C(11)                   1.418(5) 
            C(11)-C(16)                   1.398(5) 
            C(11)-C(12)                   1.454(5) 
            C(13)-C(14)                   1.382(6) 
            C(13)-H(13)                   0.9500 
            C(14)-C(15)                   1.393(6) 
            C(14)-H(14)                   0.9500 
            C(15)-C(16)                   1.380(5) 
            C(15)-H(15)                   0.9500 
            C(16)-H(16)                   0.9500 
            C(17)-C(18)                   1.454(5) 
            C(18)-C(21)                   1.394(5) 
            C(18)-C(19)                   1.425(5) 
            C(19)-C(24)                   1.382(5) 
            C(19)-C(20)                   1.465(5) 
            C(21)-C(22)                   1.377(5) 
            C(21)-H(21)                   0.9500 
            C(22)-C(23)                   1.408(6) 
            C(22)-H(22)                   0.9500 
            C(23)-C(24)                   1.397(5) 
            C(23)-H(23)                   0.9500 
            C(24)-H(24)                   0.9500 
            C(25)-C(26)                   1.472(5) 
            C(26)-C(27)                   1.425(5) 
            C(26)-C(30)                   1.430(5) 
            C(27)-C(28)                   1.428(5) 
            C(27)-H(27)                   0.9500 
            C(28)-C(29)                   1.399(6) 
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            C(28)-H(28)                   0.9500 
            C(29)-C(30)                   1.430(6) 
            C(29)-H(29)                   0.9500 
            C(30)-H(30)                   0.9500 
            C(31)-C(35)                   1.398(6) 
            C(31)-C(32)                   1.418(6) 
            C(31)-H(31)                   0.9500 
            C(32)-C(33)                   1.410(7) 
            C(32)-H(32)                   0.9500 
            C(33)-C(34)                   1.410(6) 
            C(33)-H(33)                   0.9500 
            C(34)-C(35)                   1.407(6) 
            C(34)-H(34)                   0.9500 
            C(35)-H(35)                   0.9500 
  
            C(26)-Fe(1)-C(35)           107.71(16) 
            C(26)-Fe(1)-C(30)            41.36(15) 
            C(35)-Fe(1)-C(30)           117.52(17) 
            C(26)-Fe(1)-C(32)           153.73(19) 
            C(35)-Fe(1)-C(32)            68.14(18) 
            C(30)-Fe(1)-C(32)           164.27(19) 
            C(26)-Fe(1)-C(27)            41.14(14) 
            C(35)-Fe(1)-C(27)           128.29(17) 
            C(30)-Fe(1)-C(27)            69.50(17) 
            C(32)-Fe(1)-C(27)           119.80(19) 
            C(26)-Fe(1)-C(31)           119.25(18) 
            C(35)-Fe(1)-C(31)            40.18(16) 
            C(30)-Fe(1)-C(31)           152.27(18) 
            C(32)-Fe(1)-C(31)            40.71(18) 
            C(27)-Fe(1)-C(31)           109.34(18) 
            C(26)-Fe(1)-C(33)           164.04(19) 
            C(35)-Fe(1)-C(33)            67.60(19) 
            C(30)-Fe(1)-C(33)           125.9(2) 
            C(32)-Fe(1)-C(33)            40.48(19) 
            C(27)-Fe(1)-C(33)           153.56(19) 
            C(31)-Fe(1)-C(33)            67.8(2) 
            C(26)-Fe(1)-C(34)           126.23(18) 
            C(35)-Fe(1)-C(34)            40.45(17) 
            C(30)-Fe(1)-C(34)           105.63(19) 
            C(32)-Fe(1)-C(34)            68.5(2) 
            C(27)-Fe(1)-C(34)           165.18(18) 
            C(31)-Fe(1)-C(34)            68.07(19) 
            C(33)-Fe(1)-C(34)            40.40(18) 
            C(26)-Fe(1)-C(29)            68.61(16) 
            C(35)-Fe(1)-C(29)           151.97(19) 
            C(30)-Fe(1)-C(29)            41.05(16) 
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            C(32)-Fe(1)-C(29)           127.52(18) 
            C(27)-Fe(1)-C(29)            68.25(18) 
            C(31)-Fe(1)-C(29)           166.10(18) 
            C(33)-Fe(1)-C(29)           107.9(2) 
            C(34)-Fe(1)-C(29)           117.9(2) 
            C(26)-Fe(1)-C(28)            68.35(15) 
            C(35)-Fe(1)-C(28)           166.84(18) 
            C(30)-Fe(1)-C(28)            68.46(17) 
            C(32)-Fe(1)-C(28)           109.46(18) 
            C(27)-Fe(1)-C(28)            40.63(14) 
            C(31)-Fe(1)-C(28)           129.70(17) 
            C(33)-Fe(1)-C(28)           119.62(18) 
            C(34)-Fe(1)-C(28)           152.00(18) 
            C(29)-Fe(1)-C(28)            39.75(17) 
            C(25)-O(1)-B(1)             121.3(3) 
            C(1)-N(1)-C(4)              112.4(3) 
            C(1)-N(1)-B(1)              122.3(3) 
            C(4)-N(1)-B(1)              123.5(3) 
            C(9)-N(2)-C(4)              117.6(3) 
            C(12)-N(3)-C(9)             112.5(3) 
            C(12)-N(3)-B(1)             122.7(3) 
            C(9)-N(3)-B(1)              122.9(3) 
            C(17)-N(4)-C(12)            116.9(3) 
            C(20)-N(5)-C(17)            113.3(3) 
            C(20)-N(5)-B(1)             122.3(3) 
            C(17)-N(5)-B(1)             123.3(3) 
            C(20)-N(6)-C(1)             116.3(3) 
            N(6)-C(1)-N(1)              122.9(3) 
            N(6)-C(1)-C(2)              128.9(4) 
            N(1)-C(1)-C(2)              106.1(3) 
            C(5)-C(2)-C(3)              120.6(4) 
            C(5)-C(2)-C(1)              132.3(4) 
            C(3)-C(2)-C(1)              106.8(4) 
            C(8)-C(3)-C(2)              120.6(4) 
            C(8)-C(3)-C(4)              131.8(4) 
            C(2)-C(3)-C(4)              107.4(3) 
            N(2)-C(4)-N(1)              122.1(3) 
            N(2)-C(4)-C(3)              130.0(3) 
            N(1)-C(4)-C(3)              106.0(3) 
            C(6)-C(5)-C(2)              117.3(4) 
            C(6)-C(5)-H(5)              121.3 
            C(2)-C(5)-H(5)              121.3 
            C(7)-C(6)-C(5)              121.7(4) 
            C(7)-C(6)-H(6)              119.2 
            C(5)-C(6)-H(6)              119.2 
            C(8)-C(7)-C(6)              121.8(4) 
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            C(8)-C(7)-H(7)              119.1 
            C(6)-C(7)-H(7)              119.1 
            C(7)-C(8)-C(3)              117.9(4) 
            C(7)-C(8)-H(8)              121.1 
            C(3)-C(8)-H(8)              121.1 
            N(2)-C(9)-N(3)              123.0(3) 
            N(2)-C(9)-C(10)             128.8(3) 
            N(3)-C(9)-C(10)             106.1(3) 
            C(13)-C(10)-C(11)           120.6(3) 
            C(13)-C(10)-C(9)            131.9(3) 
            C(11)-C(10)-C(9)            106.7(3) 
            C(16)-C(11)-C(10)           120.3(4) 
            C(16)-C(11)-C(12)           131.5(4) 
            C(10)-C(11)-C(12)           107.8(3) 
            N(4)-C(12)-N(3)             122.8(3) 
            N(4)-C(12)-C(11)            129.2(3) 
            N(3)-C(12)-C(11)            105.6(3) 
            C(14)-C(13)-C(10)           118.6(4) 
            C(14)-C(13)-H(13)           120.7 
            C(10)-C(13)-H(13)           120.7 
            C(13)-C(14)-C(15)           120.6(4) 
            C(13)-C(14)-H(14)           119.7 
            C(15)-C(14)-H(14)           119.7 
            C(16)-C(15)-C(14)           122.1(4) 
            C(16)-C(15)-H(15)           118.9 
            C(14)-C(15)-H(15)           118.9 
            C(15)-C(16)-C(11)           117.6(4) 
            C(15)-C(16)-H(16)           121.2 
            C(11)-C(16)-H(16)           121.2 
            N(4)-C(17)-N(5)             122.5(3) 
            N(4)-C(17)-C(18)            130.3(3) 
            N(5)-C(17)-C(18)            105.5(3) 
            C(21)-C(18)-C(19)           120.0(4) 
            C(21)-C(18)-C(17)           132.2(4) 
            C(19)-C(18)-C(17)           107.6(3) 
            C(24)-C(19)-C(18)           121.0(4) 
            C(24)-C(19)-C(20)           132.2(4) 
            C(18)-C(19)-C(20)           106.5(3) 
            N(6)-C(20)-N(5)             123.3(3) 
            N(6)-C(20)-C(19)            129.3(4) 
            N(5)-C(20)-C(19)            105.8(3) 
            C(22)-C(21)-C(18)           118.4(4) 
            C(22)-C(21)-H(21)           120.8 
            C(18)-C(21)-H(21)           120.8 
            C(21)-C(22)-C(23)           122.1(4) 
            C(21)-C(22)-H(22)           119.0 
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            C(23)-C(22)-H(22)           119.0 
            C(24)-C(23)-C(22)           119.9(4) 
            C(24)-C(23)-H(23)           120.1 
            C(22)-C(23)-H(23)           120.1 
            C(19)-C(24)-C(23)           118.7(4) 
            C(19)-C(24)-H(24)           120.7 
            C(23)-C(24)-H(24)           120.7 
            O(2)-C(25)-O(1)             123.1(3) 
            O(2)-C(25)-C(26)            124.8(4) 
            O(1)-C(25)-C(26)            112.1(3) 
            C(27)-C(26)-C(30)           108.8(3) 
            C(27)-C(26)-C(25)           125.3(3) 
            C(30)-C(26)-C(25)           125.5(3) 
            C(27)-C(26)-Fe(1)            70.4(2) 
            C(30)-C(26)-Fe(1)            70.0(2) 
            C(25)-C(26)-Fe(1)           120.1(2) 
            C(26)-C(27)-C(28)           107.2(4) 
            C(26)-C(27)-Fe(1)            68.5(2) 
            C(28)-C(27)-Fe(1)            70.8(2) 
            C(26)-C(27)-H(27)           126.4 
            C(28)-C(27)-H(27)           126.4 
            Fe(1)-C(27)-H(27)           125.8 
            C(29)-C(28)-C(27)           108.3(4) 
            C(29)-C(28)-Fe(1)            69.0(2) 
            C(27)-C(28)-Fe(1)            68.5(2) 
            C(29)-C(28)-H(28)           125.9 
            C(27)-C(28)-H(28)           125.9 
            Fe(1)-C(28)-H(28)           128.1 
            C(28)-C(29)-C(30)           109.4(4) 
            C(28)-C(29)-Fe(1)            71.2(2) 
            C(30)-C(29)-Fe(1)            69.1(2) 
            C(28)-C(29)-H(29)           125.3 
            C(30)-C(29)-H(29)           125.3 
            Fe(1)-C(29)-H(29)           126.0 
            C(29)-C(30)-C(26)           106.3(4) 
            C(29)-C(30)-Fe(1)            69.8(2) 
            C(26)-C(30)-Fe(1)            68.6(2) 
            C(29)-C(30)-H(30)           126.9 
            C(26)-C(30)-H(30)           126.9 
            Fe(1)-C(30)-H(30)           126.2 
            C(35)-C(31)-C(32)           107.9(4) 
            C(35)-C(31)-Fe(1)            69.4(2) 
            C(32)-C(31)-Fe(1)            69.5(3) 
            C(35)-C(31)-H(31)           126.1 
            C(32)-C(31)-H(31)           126.1 
            Fe(1)-C(31)-H(31)           126.6 
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            C(33)-C(32)-C(31)           107.2(4) 
            C(33)-C(32)-Fe(1)            70.0(3) 
            C(31)-C(32)-Fe(1)            69.8(2) 
            C(33)-C(32)-H(32)           126.4 
            C(31)-C(32)-H(32)           126.4 
            Fe(1)-C(32)-H(32)           125.4 
            C(34)-C(33)-C(32)           108.9(4) 
            C(34)-C(33)-Fe(1)            69.8(3) 
            C(32)-C(33)-Fe(1)            69.6(3) 
            C(34)-C(33)-H(33)           125.6 
            C(32)-C(33)-H(33)           125.6 
            Fe(1)-C(33)-H(33)           126.6 
            C(35)-C(34)-C(33)           107.0(4) 
            C(35)-C(34)-Fe(1)            69.3(3) 
            C(33)-C(34)-Fe(1)            69.8(3) 
            C(35)-C(34)-H(34)           126.5 
            C(33)-C(34)-H(34)           126.5 
            Fe(1)-C(34)-H(34)           126.0 
            C(31)-C(35)-C(34)           109.1(4) 
            C(31)-C(35)-Fe(1)            70.4(2) 
            C(34)-C(35)-Fe(1)            70.3(3) 
            C(31)-C(35)-H(35)           125.5 
            C(34)-C(35)-H(35)           125.5 
            Fe(1)-C(35)-H(35)           125.5 
            O(1)-B(1)-N(5)              108.6(3) 
            O(1)-B(1)-N(3)              117.7(3) 
            N(5)-B(1)-N(3)              104.5(3) 
            O(1)-B(1)-N(1)              115.1(3) 
            N(5)-B(1)-N(1)              104.9(3) 
            N(3)-B(1)-N(1)              104.8(3) 
           _____________________________________________________________ 
  
           Symmetry transformations used to generate equivalent atoms: 
         
    Table 4.  Anisotropic displacement parameters (A^2 x 10^3) for a0005. 
    The anisotropic displacement factor exponent takes the form: 
    -2 pi^2 [ h^2 a*^2 U11 + ... + 2 h k a* b* U12 ] 
  
    
_______________________________________________________________________ 
  
              U11        U22        U33        U23        U13        U12 
    
_______________________________________________________________________ 
  
    Fe(1)    42(1)      44(1)      52(1)      -1(1)       3(1)       0(1) 
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    O(1)     38(1)      48(2)      43(2)      -5(1)      -0(1)       5(1) 
    O(2)     47(2)      50(2)      51(2)      -6(1)      -6(1)       1(1) 
    N(1)     36(2)      38(2)      43(2)      -1(1)      -0(1)       1(1) 
    N(2)     41(2)      39(2)      49(2)      -2(2)       1(1)      -0(1) 
    N(3)     35(2)      40(2)      38(2)      -2(1)      -3(1)       2(1) 
    N(4)     41(2)      47(2)      40(2)      -4(2)       1(1)      -6(1) 
    N(5)     36(2)      44(2)      36(2)      -1(1)      -0(1)       1(1) 
    N(6)     45(2)      36(2)      46(2)      -1(1)      -1(1)       1(1) 
    C(1)     43(2)      40(2)      45(2)       1(2)       3(2)       7(2) 
    C(2)     40(2)      34(2)      55(3)      -3(2)       5(2)       2(2) 
    C(3)     43(2)      35(2)      51(3)      -0(2)      -1(2)       2(2) 
    C(4)     44(2)      35(2)      43(2)      -2(2)      -1(2)       1(2) 
    C(5)     52(2)      36(2)      57(3)      -4(2)       5(2)       6(2) 
    C(6)     43(2)      42(2)      70(3)      -5(2)      11(2)       2(2) 
    C(7)     39(2)      38(2)      72(3)       1(2)       3(2)       2(2) 
    C(8)     43(2)      35(2)      66(3)      -0(2)      -3(2)       2(2) 
    C(9)     40(2)      44(2)      39(2)      -2(2)      -1(2)       2(2) 
    C(10)    41(2)      41(2)      42(2)      -0(2)      -1(2)       1(2) 
    C(11)    44(2)      46(2)      38(2)      -1(2)       0(2)      -1(2) 
    C(12)    39(2)      45(2)      48(2)       2(2)      -0(2)      -0(2) 
    C(13)    42(2)      51(2)      41(2)      -3(2)      -0(2)       1(2) 
    C(14)    60(3)      50(2)      50(3)       3(2)      -8(2)       3(2) 
    C(15)    62(3)      50(2)      54(3)       9(2)      -8(2)      -4(2) 
    C(16)    58(2)      48(2)      51(3)       4(2)      -1(2)     -10(2) 
    C(17)    37(2)      43(2)      38(2)      -0(2)      -2(2)      -2(2) 
    C(18)    39(2)      42(2)      48(2)       0(2)       3(2)       3(2) 
    C(19)    34(2)      45(2)      45(2)      -6(2)       2(2)       6(2) 
    C(20)    39(2)      41(2)      41(2)      -2(2)      -1(2)       5(2) 
    C(21)    47(2)      41(2)      54(3)       1(2)       1(2)      -2(2) 
    C(22)    55(2)      47(2)      45(3)      -9(2)      -1(2)      -2(2) 
    C(23)    51(2)      56(2)      41(2)      -7(2)       3(2)       1(2) 
    C(24)    43(2)      45(2)      51(3)      -5(2)       0(2)       3(2) 
    C(25)    41(2)      42(2)      42(2)       1(2)       3(2)      -5(2) 
    C(26)    40(2)      40(2)      43(2)      -1(2)       6(2)      -1(2) 
    C(27)    41(2)      44(2)      51(3)       3(2)       2(2)       3(2) 
    C(28)    42(2)      55(2)      60(3)       7(2)       8(2)      10(2) 
    C(29)    58(3)      45(2)      68(3)       0(2)       5(2)      13(2) 
    C(30)    52(2)      40(2)      53(3)     -10(2)       9(2)      -1(2) 
    C(31)    77(3)      40(2)      58(3)       6(2)       2(2)     -11(2) 
    C(32)    50(2)      71(3)      75(4)       8(3)       1(2)     -13(2) 
    C(33)    62(3)      78(3)      72(4)      13(3)      22(3)       6(3) 
    C(34)    88(4)      64(3)      50(3)      -3(2)      14(3)      -9(3) 
    C(35)    59(3)      53(2)      58(3)       9(2)       3(2)      -2(2) 
    B(1)     38(2)      42(2)      45(3)      -3(2)       0(2)       1(2) 





         Table 5.  Hydrogen coordinates ( x 10^4) and isotropic 
         displacement parameters (A^2 x 10^3) for a0005. 
  
         ________________________________________________________________ 
  
                         x             y             z           U(eq) 
         ________________________________________________________________ 
  
          H(5)         9492          2390         -1239          58 
          H(6)        10659          3779          -882          62 
          H(7)        11090          3889           209          60 
          H(8)        10367          2719           998          58 
          H(13)        9552         -1652          2553          54 
          H(14)        9621         -4294          3093          65 
          H(15)        8798         -6533          2743          68 
          H(16)        7881         -6226          1852          63 
          H(21)        6985         -6748          -563          57 
          H(22)        7070         -7425         -1651          59 
          H(23)        7426         -5363         -2398          59 
          H(24)        7721         -2538         -2047          56 
          H(27)        5434          1232            22          55 
          H(28)        4266          3069           249          62 
          H(29)        4614          4759          1266          69 
          H(30)        6020          4117          1674          58 
          H(31)        5113         -1995          1055          70 
          H(32)        3806          -513          1089          79 
          H(33)        3910          1479          2060          83 
          H(34)        5282          1328          2596          80 
          H(35)        6015          -822          1967          68 
         ________________________________________________________________ 
  
         Table 6.  Torsion angles [deg] for a0005. 
         ________________________________________________________________ 
  
          C(20)-N(6)-C(1)-N(1)                                 -9.5(5) 
          C(20)-N(6)-C(1)-C(2)                                152.1(4) 
          C(4)-N(1)-C(1)-N(6)                                 153.7(3) 
          B(1)-N(1)-C(1)-N(6)                                 -11.3(5) 
          C(4)-N(1)-C(1)-C(2)                                 -11.6(4) 
          B(1)-N(1)-C(1)-C(2)                                -176.5(3) 
          N(6)-C(1)-C(2)-C(5)                                  17.6(7) 
          N(1)-C(1)-C(2)-C(5)                                -178.4(4) 
          N(6)-C(1)-C(2)-C(3)                                -156.5(4) 
          N(1)-C(1)-C(2)-C(3)                                   7.5(4) 
          C(5)-C(2)-C(3)-C(8)                                  -0.6(5) 
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          C(1)-C(2)-C(3)-C(8)                                 174.4(3) 
          C(5)-C(2)-C(3)-C(4)                                -176.1(3) 
          C(1)-C(2)-C(3)-C(4)                                  -1.2(4) 
          C(9)-N(2)-C(4)-N(1)                                   9.0(5) 
          C(9)-N(2)-C(4)-C(3)                                -152.8(4) 
          C(1)-N(1)-C(4)-N(2)                                -154.8(3) 
          B(1)-N(1)-C(4)-N(2)                                   9.9(5) 
          C(1)-N(1)-C(4)-C(3)                                  10.8(4) 
          B(1)-N(1)-C(4)-C(3)                                 175.6(3) 
          C(8)-C(3)-C(4)-N(2)                                 -16.2(7) 
          C(2)-C(3)-C(4)-N(2)                                 158.6(4) 
          C(8)-C(3)-C(4)-N(1)                                 179.7(4) 
          C(2)-C(3)-C(4)-N(1)                                  -5.5(4) 
          C(3)-C(2)-C(5)-C(6)                                  -1.9(5) 
          C(1)-C(2)-C(5)-C(6)                                -175.3(4) 
          C(2)-C(5)-C(6)-C(7)                                   2.7(5) 
          C(5)-C(6)-C(7)-C(8)                                  -1.2(6) 
          C(6)-C(7)-C(8)-C(3)                                  -1.3(5) 
          C(2)-C(3)-C(8)-C(7)                                   2.2(5) 
          C(4)-C(3)-C(8)-C(7)                                 176.5(4) 
          C(4)-N(2)-C(9)-N(3)                                  -8.5(5) 
          C(4)-N(2)-C(9)-C(10)                                152.6(4) 
          C(12)-N(3)-C(9)-N(2)                                153.4(4) 
          B(1)-N(3)-C(9)-N(2)                                 -11.2(5) 
          C(12)-N(3)-C(9)-C(10)                               -11.4(4) 
          B(1)-N(3)-C(9)-C(10)                               -175.9(3) 
          N(2)-C(9)-C(10)-C(13)                                12.8(7) 
          N(3)-C(9)-C(10)-C(13)                               176.3(4) 
          N(2)-C(9)-C(10)-C(11)                              -157.2(4) 
          N(3)-C(9)-C(10)-C(11)                                 6.3(4) 
          C(13)-C(10)-C(11)-C(16)                               2.8(6) 
          C(9)-C(10)-C(11)-C(16)                              174.2(4) 
          C(13)-C(10)-C(11)-C(12)                            -171.0(4) 
          C(9)-C(10)-C(11)-C(12)                                0.4(4) 
          C(17)-N(4)-C(12)-N(3)                                 7.7(5) 
          C(17)-N(4)-C(12)-C(11)                             -152.2(4) 
          C(9)-N(3)-C(12)-N(4)                               -152.5(4) 
          B(1)-N(3)-C(12)-N(4)                                 12.1(6) 
          C(9)-N(3)-C(12)-C(11)                                11.5(4) 
          B(1)-N(3)-C(12)-C(11)                               176.1(3) 
          C(16)-C(11)-C(12)-N(4)                              -17.2(8) 
          C(10)-C(11)-C(12)-N(4)                              155.7(4) 
          C(16)-C(11)-C(12)-N(3)                             -179.8(4) 
          C(10)-C(11)-C(12)-N(3)                               -6.9(4) 
          C(11)-C(10)-C(13)-C(14)                              -3.1(6) 
          C(9)-C(10)-C(13)-C(14)                             -171.9(4) 
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          C(10)-C(13)-C(14)-C(15)                               1.6(6) 
          C(13)-C(14)-C(15)-C(16)                               0.2(7) 
          C(14)-C(15)-C(16)-C(11)                              -0.5(7) 
          C(10)-C(11)-C(16)-C(15)                              -1.0(6) 
          C(12)-C(11)-C(16)-C(15)                             171.1(4) 
          C(12)-N(4)-C(17)-N(5)                                -7.3(5) 
          C(12)-N(4)-C(17)-C(18)                              155.7(4) 
          C(20)-N(5)-C(17)-N(4)                               155.4(3) 
          B(1)-N(5)-C(17)-N(4)                                -13.2(5) 
          C(20)-N(5)-C(17)-C(18)                              -11.3(4) 
          B(1)-N(5)-C(17)-C(18)                              -179.8(3) 
          N(4)-C(17)-C(18)-C(21)                               15.3(7) 
          N(5)-C(17)-C(18)-C(21)                             -179.6(4) 
          N(4)-C(17)-C(18)-C(19)                             -158.8(4) 
          N(5)-C(17)-C(18)-C(19)                                6.4(4) 
          C(21)-C(18)-C(19)-C(24)                               1.0(5) 
          C(17)-C(18)-C(19)-C(24)                             175.9(3) 
          C(21)-C(18)-C(19)-C(20)                            -174.8(3) 
          C(17)-C(18)-C(19)-C(20)                               0.1(4) 
          C(1)-N(6)-C(20)-N(5)                                  8.6(5) 
          C(1)-N(6)-C(20)-C(19)                              -154.6(4) 
          C(17)-N(5)-C(20)-N(6)                              -155.2(3) 
          B(1)-N(5)-C(20)-N(6)                                 13.5(5) 
          C(17)-N(5)-C(20)-C(19)                               11.3(4) 
          B(1)-N(5)-C(20)-C(19)                              -180.0(3) 
          C(24)-C(19)-C(20)-N(6)                              -16.3(6) 
          C(18)-C(19)-C(20)-N(6)                              158.9(4) 
          C(24)-C(19)-C(20)-N(5)                              178.3(4) 
          C(18)-C(19)-C(20)-N(5)                               -6.5(4) 
          C(19)-C(18)-C(21)-C(22)                              -1.2(5) 
          C(17)-C(18)-C(21)-C(22)                            -174.6(4) 
          C(18)-C(21)-C(22)-C(23)                               0.5(6) 
          C(21)-C(22)-C(23)-C(24)                               0.4(6) 
          C(18)-C(19)-C(24)-C(23)                              -0.1(5) 
          C(20)-C(19)-C(24)-C(23)                             174.5(4) 
          C(22)-C(23)-C(24)-C(19)                              -0.6(6) 
          B(1)-O(1)-C(25)-O(2)                                 -3.5(5) 
          B(1)-O(1)-C(25)-C(26)                               178.0(3) 
          O(2)-C(25)-C(26)-C(27)                             -167.7(4) 
          O(1)-C(25)-C(26)-C(27)                               10.7(5) 
          O(2)-C(25)-C(26)-C(30)                                4.3(6) 
          O(1)-C(25)-C(26)-C(30)                             -177.2(3) 
          O(2)-C(25)-C(26)-Fe(1)                              -81.5(4) 
          O(1)-C(25)-C(26)-Fe(1)                               97.0(3) 
          C(35)-Fe(1)-C(26)-C(27)                             128.5(2) 
          C(30)-Fe(1)-C(26)-C(27)                            -119.7(3) 
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          C(32)-Fe(1)-C(26)-C(27)                              52.2(5) 
          C(31)-Fe(1)-C(26)-C(27)                              86.3(2) 
          C(33)-Fe(1)-C(26)-C(27)                            -161.2(6) 
          C(34)-Fe(1)-C(26)-C(27)                             169.4(2) 
          C(29)-Fe(1)-C(26)-C(27)                             -81.0(2) 
          C(28)-Fe(1)-C(26)-C(27)                             -38.1(2) 
          C(35)-Fe(1)-C(26)-C(30)                            -111.8(3) 
          C(32)-Fe(1)-C(26)-C(30)                             171.9(4) 
          C(27)-Fe(1)-C(26)-C(30)                             119.7(3) 
          C(31)-Fe(1)-C(26)-C(30)                            -154.0(2) 
          C(33)-Fe(1)-C(26)-C(30)                             -41.6(7) 
          C(34)-Fe(1)-C(26)-C(30)                             -70.9(3) 
          C(29)-Fe(1)-C(26)-C(30)                              38.7(3) 
          C(28)-Fe(1)-C(26)-C(30)                              81.5(3) 
          C(35)-Fe(1)-C(26)-C(25)                               8.4(3) 
          C(30)-Fe(1)-C(26)-C(25)                             120.2(4) 
          C(32)-Fe(1)-C(26)-C(25)                             -67.9(5) 
          C(27)-Fe(1)-C(26)-C(25)                            -120.1(4) 
          C(31)-Fe(1)-C(26)-C(25)                             -33.8(4) 
          C(33)-Fe(1)-C(26)-C(25)                              78.6(7) 
          C(34)-Fe(1)-C(26)-C(25)                              49.3(4) 
          C(29)-Fe(1)-C(26)-C(25)                             158.9(3) 
          C(28)-Fe(1)-C(26)-C(25)                            -158.2(3) 
          C(30)-C(26)-C(27)-C(28)                               1.0(4) 
          C(25)-C(26)-C(27)-C(28)                             174.2(4) 
          Fe(1)-C(26)-C(27)-C(28)                              60.6(3) 
          C(30)-C(26)-C(27)-Fe(1)                             -59.6(3) 
          C(25)-C(26)-C(27)-Fe(1)                             113.6(4) 
          C(35)-Fe(1)-C(27)-C(26)                             -71.7(3) 
          C(30)-Fe(1)-C(27)-C(26)                              37.8(2) 
          C(32)-Fe(1)-C(27)-C(26)                            -156.2(2) 
          C(31)-Fe(1)-C(27)-C(26)                            -112.7(2) 
          C(33)-Fe(1)-C(27)-C(26)                             168.5(4) 
          C(34)-Fe(1)-C(27)-C(26)                             -35.4(8) 
          C(29)-Fe(1)-C(27)-C(26)                              82.0(2) 
          C(28)-Fe(1)-C(27)-C(26)                             118.2(3) 
          C(26)-Fe(1)-C(27)-C(28)                            -118.2(3) 
          C(35)-Fe(1)-C(27)-C(28)                             170.1(2) 
          C(30)-Fe(1)-C(27)-C(28)                             -80.4(3) 
          C(32)-Fe(1)-C(27)-C(28)                              85.5(3) 
          C(31)-Fe(1)-C(27)-C(28)                             129.1(3) 
          C(33)-Fe(1)-C(27)-C(28)                              50.3(5) 
          C(34)-Fe(1)-C(27)-C(28)                            -153.7(6) 
          C(29)-Fe(1)-C(27)-C(28)                             -36.3(2) 
          C(26)-C(27)-C(28)-C(29)                              -1.4(5) 
          Fe(1)-C(27)-C(28)-C(29)                              57.7(3) 
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          C(26)-C(27)-C(28)-Fe(1)                             -59.1(3) 
          C(26)-Fe(1)-C(28)-C(29)                             -82.2(3) 
          C(35)-Fe(1)-C(28)-C(29)                            -157.1(7) 
          C(30)-Fe(1)-C(28)-C(29)                             -37.5(2) 
          C(32)-Fe(1)-C(28)-C(29)                             125.8(3) 
          C(27)-Fe(1)-C(28)-C(29)                            -120.7(4) 
          C(31)-Fe(1)-C(28)-C(29)                             167.1(3) 
          C(33)-Fe(1)-C(28)-C(29)                              82.5(3) 
          C(34)-Fe(1)-C(28)-C(29)                              45.3(5) 
          C(26)-Fe(1)-C(28)-C(27)                              38.6(2) 
          C(35)-Fe(1)-C(28)-C(27)                             -36.3(8) 
          C(30)-Fe(1)-C(28)-C(27)                              83.2(3) 
          C(32)-Fe(1)-C(28)-C(27)                            -113.4(3) 
          C(31)-Fe(1)-C(28)-C(27)                             -72.1(3) 
          C(33)-Fe(1)-C(28)-C(27)                            -156.8(3) 
          C(34)-Fe(1)-C(28)-C(27)                             166.0(4) 
          C(29)-Fe(1)-C(28)-C(27)                             120.7(4) 
          C(27)-C(28)-C(29)-C(30)                               1.3(5) 
          Fe(1)-C(28)-C(29)-C(30)                              58.7(3) 
          C(27)-C(28)-C(29)-Fe(1)                             -57.4(3) 
          C(26)-Fe(1)-C(29)-C(28)                              81.4(3) 
          C(35)-Fe(1)-C(29)-C(28)                             169.1(3) 
          C(30)-Fe(1)-C(29)-C(28)                             120.4(4) 
          C(32)-Fe(1)-C(29)-C(28)                             -74.6(3) 
          C(27)-Fe(1)-C(29)-C(28)                              37.1(2) 
          C(31)-Fe(1)-C(29)-C(28)                             -45.6(9) 
          C(33)-Fe(1)-C(29)-C(28)                            -115.1(3) 
          C(34)-Fe(1)-C(29)-C(28)                            -157.8(2) 
          C(26)-Fe(1)-C(29)-C(30)                             -39.0(3) 
          C(35)-Fe(1)-C(29)-C(30)                              48.7(5) 
          C(32)-Fe(1)-C(29)-C(30)                             165.0(3) 
          C(27)-Fe(1)-C(29)-C(30)                             -83.3(3) 
          C(31)-Fe(1)-C(29)-C(30)                            -166.0(7) 
          C(33)-Fe(1)-C(29)-C(30)                             124.5(3) 
          C(34)-Fe(1)-C(29)-C(30)                              81.8(3) 
          C(28)-Fe(1)-C(29)-C(30)                            -120.4(4) 
          C(28)-C(29)-C(30)-C(26)                              -0.7(5) 
          Fe(1)-C(29)-C(30)-C(26)                              59.3(3) 
          C(28)-C(29)-C(30)-Fe(1)                             -60.0(3) 
          C(27)-C(26)-C(30)-C(29)                              -0.2(4) 
          C(25)-C(26)-C(30)-C(29)                            -173.3(4) 
          Fe(1)-C(26)-C(30)-C(29)                             -60.0(3) 
          C(27)-C(26)-C(30)-Fe(1)                              59.9(3) 
          C(25)-C(26)-C(30)-Fe(1)                            -113.3(4) 
          C(26)-Fe(1)-C(30)-C(29)                             117.6(4) 
          C(35)-Fe(1)-C(30)-C(29)                            -156.5(3) 
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          C(32)-Fe(1)-C(30)-C(29)                             -49.0(8) 
          C(27)-Fe(1)-C(30)-C(29)                              80.0(3) 
          C(31)-Fe(1)-C(30)-C(29)                             172.8(4) 
          C(33)-Fe(1)-C(30)-C(29)                             -75.4(3) 
          C(34)-Fe(1)-C(30)-C(29)                            -114.7(3) 
          C(28)-Fe(1)-C(30)-C(29)                              36.4(3) 
          C(35)-Fe(1)-C(30)-C(26)                              85.8(3) 
          C(32)-Fe(1)-C(30)-C(26)                            -166.7(6) 
          C(27)-Fe(1)-C(30)-C(26)                             -37.6(2) 
          C(31)-Fe(1)-C(30)-C(26)                              55.2(5) 
          C(33)-Fe(1)-C(30)-C(26)                             167.0(2) 
          C(34)-Fe(1)-C(30)-C(26)                             127.7(3) 
          C(29)-Fe(1)-C(30)-C(26)                            -117.6(4) 
          C(28)-Fe(1)-C(30)-C(26)                             -81.3(2) 
          C(26)-Fe(1)-C(31)-C(35)                              82.9(3) 
          C(30)-Fe(1)-C(31)-C(35)                              44.5(5) 
          C(32)-Fe(1)-C(31)-C(35)                            -119.4(4) 
          C(27)-Fe(1)-C(31)-C(35)                             127.0(3) 
          C(33)-Fe(1)-C(31)-C(35)                             -81.1(3) 
          C(34)-Fe(1)-C(31)-C(35)                             -37.4(3) 
          C(29)-Fe(1)-C(31)-C(35)                            -155.5(7) 
          C(28)-Fe(1)-C(31)-C(35)                             168.1(3) 
          C(26)-Fe(1)-C(31)-C(32)                            -157.6(3) 
          C(35)-Fe(1)-C(31)-C(32)                             119.4(4) 
          C(30)-Fe(1)-C(31)-C(32)                             163.9(4) 
          C(27)-Fe(1)-C(31)-C(32)                            -113.6(3) 
          C(33)-Fe(1)-C(31)-C(32)                              38.3(3) 
          C(34)-Fe(1)-C(31)-C(32)                              82.0(3) 
          C(29)-Fe(1)-C(31)-C(32)                             -36.1(9) 
          C(28)-Fe(1)-C(31)-C(32)                             -72.5(4) 
          C(35)-C(31)-C(32)-C(33)                              -1.3(5) 
          Fe(1)-C(31)-C(32)-C(33)                             -60.3(3) 
          C(35)-C(31)-C(32)-Fe(1)                              59.0(3) 
          C(26)-Fe(1)-C(32)-C(33)                             166.5(3) 
          C(35)-Fe(1)-C(32)-C(33)                              80.7(3) 
          C(30)-Fe(1)-C(32)-C(33)                             -33.7(8) 
          C(27)-Fe(1)-C(32)-C(33)                            -156.7(3) 
          C(31)-Fe(1)-C(32)-C(33)                             117.9(4) 
          C(34)-Fe(1)-C(32)-C(33)                              37.0(3) 
          C(29)-Fe(1)-C(32)-C(33)                             -72.4(4) 
          C(28)-Fe(1)-C(32)-C(33)                            -113.2(3) 
          C(26)-Fe(1)-C(32)-C(31)                              48.6(5) 
          C(35)-Fe(1)-C(32)-C(31)                             -37.3(3) 
          C(30)-Fe(1)-C(32)-C(31)                            -151.6(6) 
          C(27)-Fe(1)-C(32)-C(31)                              85.4(3) 
          C(33)-Fe(1)-C(32)-C(31)                            -117.9(4) 
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          C(34)-Fe(1)-C(32)-C(31)                             -81.0(3) 
          C(29)-Fe(1)-C(32)-C(31)                             169.7(3) 
          C(28)-Fe(1)-C(32)-C(31)                             128.9(3) 
          C(31)-C(32)-C(33)-C(34)                               1.3(5) 
          Fe(1)-C(32)-C(33)-C(34)                             -58.9(3) 
          C(31)-C(32)-C(33)-Fe(1)                              60.2(3) 
          C(26)-Fe(1)-C(33)-C(34)                             -37.6(8) 
          C(35)-Fe(1)-C(33)-C(34)                              38.2(3) 
          C(30)-Fe(1)-C(33)-C(34)                             -70.4(4) 
          C(32)-Fe(1)-C(33)-C(34)                             120.3(4) 
          C(27)-Fe(1)-C(33)-C(34)                             170.8(3) 
          C(31)-Fe(1)-C(33)-C(34)                              81.8(3) 
          C(29)-Fe(1)-C(33)-C(34)                            -112.3(3) 
          C(28)-Fe(1)-C(33)-C(34)                            -154.0(3) 
          C(26)-Fe(1)-C(33)-C(32)                            -157.9(6) 
          C(35)-Fe(1)-C(33)-C(32)                             -82.1(3) 
          C(30)-Fe(1)-C(33)-C(32)                             169.3(3) 
          C(27)-Fe(1)-C(33)-C(32)                              50.4(5) 
          C(31)-Fe(1)-C(33)-C(32)                             -38.5(3) 
          C(34)-Fe(1)-C(33)-C(32)                            -120.3(4) 
          C(29)-Fe(1)-C(33)-C(32)                             127.4(3) 
          C(28)-Fe(1)-C(33)-C(32)                              85.6(3) 
          C(32)-C(33)-C(34)-C(35)                              -0.8(5) 
          Fe(1)-C(33)-C(34)-C(35)                             -59.5(3) 
          C(32)-C(33)-C(34)-Fe(1)                              58.7(3) 
          C(26)-Fe(1)-C(34)-C(35)                             -73.9(3) 
          C(30)-Fe(1)-C(34)-C(35)                            -114.3(3) 
          C(32)-Fe(1)-C(34)-C(35)                              81.1(3) 
          C(27)-Fe(1)-C(34)-C(35)                             -45.6(8) 
          C(31)-Fe(1)-C(34)-C(35)                              37.1(3) 
          C(33)-Fe(1)-C(34)-C(35)                             118.2(4) 
          C(29)-Fe(1)-C(34)-C(35)                            -156.7(3) 
          C(28)-Fe(1)-C(34)-C(35)                             172.3(3) 
          C(26)-Fe(1)-C(34)-C(33)                             168.0(3) 
          C(35)-Fe(1)-C(34)-C(33)                            -118.2(4) 
          C(30)-Fe(1)-C(34)-C(33)                             127.6(3) 
          C(32)-Fe(1)-C(34)-C(33)                             -37.0(3) 
          C(27)-Fe(1)-C(34)-C(33)                            -163.8(6) 
          C(31)-Fe(1)-C(34)-C(33)                             -81.0(3) 
          C(29)-Fe(1)-C(34)-C(33)                              85.1(3) 
          C(28)-Fe(1)-C(34)-C(33)                              54.2(5) 
          C(32)-C(31)-C(35)-C(34)                               0.8(5) 
          Fe(1)-C(31)-C(35)-C(34)                              59.8(3) 
          C(32)-C(31)-C(35)-Fe(1)                             -59.0(3) 
          C(33)-C(34)-C(35)-C(31)                               0.0(5) 
          Fe(1)-C(34)-C(35)-C(31)                             -59.9(3) 
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          C(33)-C(34)-C(35)-Fe(1)                              59.9(3) 
          C(26)-Fe(1)-C(35)-C(31)                            -114.6(3) 
          C(30)-Fe(1)-C(35)-C(31)                            -158.4(3) 
          C(32)-Fe(1)-C(35)-C(31)                              37.7(3) 
          C(27)-Fe(1)-C(35)-C(31)                             -73.7(3) 
          C(33)-Fe(1)-C(35)-C(31)                              81.6(3) 
          C(34)-Fe(1)-C(35)-C(31)                             119.8(4) 
          C(29)-Fe(1)-C(35)-C(31)                             167.8(4) 
          C(28)-Fe(1)-C(35)-C(31)                             -44.2(8) 
          C(26)-Fe(1)-C(35)-C(34)                             125.6(3) 
          C(30)-Fe(1)-C(35)-C(34)                              81.8(3) 
          C(32)-Fe(1)-C(35)-C(34)                             -82.0(3) 
          C(27)-Fe(1)-C(35)-C(34)                             166.5(3) 
          C(31)-Fe(1)-C(35)-C(34)                            -119.8(4) 
          C(33)-Fe(1)-C(35)-C(34)                             -38.2(3) 
          C(29)-Fe(1)-C(35)-C(34)                              48.0(5) 
          C(28)-Fe(1)-C(35)-C(34)                            -164.0(7) 
          C(25)-O(1)-B(1)-N(5)                                167.9(3) 
          C(25)-O(1)-B(1)-N(3)                                 49.5(4) 
          C(25)-O(1)-B(1)-N(1)                                -74.9(4) 
          C(20)-N(5)-B(1)-O(1)                                 94.0(4) 
          C(17)-N(5)-B(1)-O(1)                                -98.4(4) 
          C(20)-N(5)-B(1)-N(3)                               -139.5(3) 
          C(17)-N(5)-B(1)-N(3)                                 28.1(4) 
          C(20)-N(5)-B(1)-N(1)                                -29.5(4) 
          C(17)-N(5)-B(1)-N(1)                                138.1(3) 
          C(12)-N(3)-B(1)-O(1)                                 93.2(4) 
          C(9)-N(3)-B(1)-O(1)                                -103.9(4) 
          C(12)-N(3)-B(1)-N(5)                                -27.4(5) 
          C(9)-N(3)-B(1)-N(5)                                 135.5(3) 
          C(12)-N(3)-B(1)-N(1)                               -137.5(3) 
          C(9)-N(3)-B(1)-N(1)                                  25.5(5) 
          C(1)-N(1)-B(1)-O(1)                                 -90.8(4) 
          C(4)-N(1)-B(1)-O(1)                                 105.9(4) 
          C(1)-N(1)-B(1)-N(5)                                  28.5(4) 
          C(4)-N(1)-B(1)-N(5)                                -134.8(3) 
          C(1)-N(1)-B(1)-N(3)                                 138.3(3) 
          C(4)-N(1)-B(1)-N(3)                                 -25.0(5) 
         ________________________________________________________________ 
  
         Symmetry transformations used to generate equivalent atoms: 
          







 D-H...A                      d(D-H)      d(H...A)    d(D...A)    <(DHA) 
 
